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TERTIARY  BIVALVIA  FROM  LIBYA 


by  L.  R.  cox 


Abstract.  The  paper  supplements  existing  accounts  of  the  Tertiary  mollusca  of  Libya,  which  are  mostly  by 
Italian  authors,  by  describing  several  species,  either  new,  newly  recorded  from  this  area,  or  imperfectly  known 
previously.  The  species  in  question,  which  belong  to  the  families  Ostreidae,  Vulsellidae,  and  Anomiidae,  are  as 
follows;  Ostrea  syrtica  sp.  nov.  (Oligocene);  Ostrea  {Platygena)  asiatica  Romanovsky  (Eocene;  a Central  Asian 
species  now  recorded  from  North  Africa  for  the  first  time);  Eitphenax  variolosa  (Oppenheim)  (Eocene;  trans- 
ferred from  Plicatiila  and  previous  descriptions  supplemented);  Anomia  desioi  sp.  nov.  (Eocene);  Carolia  libyca 
sp.  nov.  (Eocene);  Placenta  (Indoplacuna)  africana  sp.  nov.  (Miocene). 


Lower  Tertiary  mollusca  from  Libya  have  been  the  subject  of  papers  by  Newton 
(1911),  Stefanini  (1921),  Desio  (1934a,  1939),  Negri  (1934a,  1934h),  Agnesotti  (1939), 
Alberici  (1939),  Rossi  (1942a,  1942h,  1944),  and  Tavani  (1946).  Neogene  mollusca  from 
the  same  area  have  been  described  by  Blanckenhorn  (1901),  Newton  (1911),  Migliorini 
(1920),  Stefanini  (1921),  Desio  (1927,  1929,  1933,  19346),  Chiesa  (1934),  Tavani  (1935, 
1938-9,  1948),  Alberici  and  Mauroner  (1938),  and  Rossi  (1940,  1944).  The  most  com- 
prehensive account  of  the  stratigraphy  of  the  Tertiary  rocks  of  Libya  is  that  given  by 
Desio  (1935,  pp.  239-355).  The  faunas  are  closely  related  to  those  of  the  contempora- 
neous rocks  of  Egypt,  but  include  a few  species  not  yet  recorded  from  that  country. 

The  present  paper  describes  four  new  species  (two  Eocene,  one  Oligocene,  one 
Miocene)  belonging  to  the  Ostreidae  and  Anomiidae,  places  on  record  the  occurrence 
in  Libya  of  a remarkable  oyster,  Ostrea  {Platygena)  asiatica  Romanovsky,  previously 
known  only  from  the  Upper  Eocene  of  Central  Asia,  and  redescribes  the  Eocene  bivalve 
"Plicatiila'  variolosa  Oppenheim,  which,  it  is  shown,  should  be  included  in  the  genus 
Euphenax  (family  Vulsellidae),  founded  in  1931  by  the  present  writer. 

The  fossils  described  were  collected  by  geologists  of  the  Bataafse  Internationale 
Petroleum  Maatschappij  N.V.,  and  the  writer  is  indebted  to  the  authorities  of  that 
Company  for  permission  to  publish  this  paper.  Most  of  the  specimens  have  been 
generously  presented  by  the  Company  to  the  Department  of  Palaeontology  of  the 
British  Museum  (Natural  History),  and  the  numbers  quoted  in  connexion  with  them 
are  their  departmental  registration  numbers. 

SYSTEMATIC  DESCRIPTIONS 

Family  ostreidae 
Genus  ostrea  Einnaeus  1758 
Ostrea  syrtica,  sp.  nov. 

Plates  1,  2 

Material  examined.  Twelve  specimens.  The  holotype  (PI.  I,  figs.  \a-c)  bears  the  registration  number 
LL  12806,  the  figured  paratypes  the  numbers  LL  12807-10. 

Description.  Of  large-medium  size,  largest  specimens  about  90  mm.  high,  suborbicular, 
ovate  or  sublunate,  strongly  inequivalve. 

[Palaeontology,  Vol.  5,  Part  1,  1962,  pp.  1-8,  pis.  1-5.] 
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Left  valve  thick-shelled,  of  moderate  to  considerable  depth,  very  irregular  in  some 
specimens,  with  a large  attachment  area  which  in  some  specimens  is  almost  as  large  as 
the  interior  of  the  valve,  although  it  is  usually  smaller;  from  this  attachment  area  the 
sides  of  the  shell  rise  steeply  to  the  valve  margins.  Surface  conspicuously  lamellose  and 
with  numerous  weak,  narrow  radial  riblets.  Ligamental  area  strongly  curved  in  a 
posterior  direction,  in  some  specimens  as  much  as  in  an  Exogyra.  Adductor  scar  deep. 
Margin  bordered  internally  along  its  entire  length  by  irregularly  arranged  pits  elongated 
transversely  to  it. 

Right  valve  moderately  thick,  flat  to  feebly  convex,  with  its  ligamental  area  curved  in 
a posterior  direction  to  a varying  extent  and  in  extreme  cases  coiled  as  in  Exogyra. 
Adductor  scar  deep.  Margin  bordered  internally  by  conspicuous,  irregularly  arranged 
denticulations  elongated  transversely  to  it,  evidently  fitting  in  the  corresponding  pits  of 
the  other  valve.  Surface  unornamented  except  for  growth-rugae. 

Remarks.  This  species  appears  to  be  related  to  the  well-known  Oligocene  species  Ostrea 
cyathida  Lamarck,  illustrations  and  a full  description  of  which  are  given  by  Cossmann 
(1922,  p.  200,  pi.  11,  figs.  40-45 ; pi.  12,  figs.  5,  6).  In  both  species  the  left  valve  is  strongly 
convex,  has  a large  attachment  area  and  an  umbo  more  or  less  curved  in  a posterior 
direction,  and  is  ornamented  with  weak  radial  riblets;  in  both  the  right  valve  is  flat  or 
feebly  convex  and  has  its  umbo  curved  in  a similar  manner,  so  that  some  specimens  are 
lunate  in  shape.  The  species  now  described  differs  from  O.  cyathula  in  its  much  larger 
size,  as  in  that  species  the  height  of  the  shell  seldom  exceeds  50  mm.  and  is  usually  much 
less.  The  internal  marginal  denticulations  are  much  stronger  in  the  new  species  and  not 
confined  to  the  dorsal  parts  of  the  margins,  as  in  O.  cyathula. 

Occurrence.  Oligocene,  Dor  El  Muelah  (29°  42'  N.,  17°  10'  E.),  and  track  from  Nofilia 
to  Dahra  (30°  15'  N.,  17°  50'  E.),  north  of  El  Gifa,  Libya  (type  locality). 

Subgenus  platygena  Romanovsky  1882 
Ostrea  [Platygena)  asiatica  Romanovsky 

Plate  3 

1879  Ostrea  asiatica  Romanovsky,  p.  150,  text-figs.  \a-c. 

1882  Platygena  asiatica  Romanovsky,  p.  59,  pis.  6-8. 


EXPLANATION  OF  PLATE  1 

Figs.  1-3.  Ostrea  syrtica  sp.  nov. ; Oligocene,  track  from  Nofilia  to  Dahra,  north  of  El  Gifa.  (All 
figures  are  of  natural  size.)  \a,  b,  c,  Holotype  (LL  12806),  a left  valve:  a,  exterior,  showing  attach- 
ment area;  b,  exterior,  side  view  showing  inflation;  c,  interior.  2a,  b,  Paratype  (LL  12807),  a left 
valve:  a,  exterior,  showing  large  attachment  area  at  top  of  figure;  b,  interior.  3,  Paratype  (LL  12809), 
a right  valve.  (See  also  Plate  2,  fig.  1.) 

EXPLANATION  OF  PLATE  2 

Figs.  1-3.  Ostrea  syrtica  sp.  nov.  (All  figures  are  of  natural  size.)  1,  Paratype  (LL  12809),  aright 
valve;  interior.  (See  also  Plate  1,  fig.  3.)  Oligocene,  track  from  Nofilia  to  Dahra,  north  of  El  Gifa. 
la,  b,  Paratype  (LL  12810),  consisting  of  a right  valve  (fig.  b)  to  the  surface  of  which  a left  valve 
(fig.  a)  is  cemented,  so  that  the  interiors  of  both  valves  are  exposed.  The  left  valve  shows  well  the 
posteriorly  coiled  ligamental  area,  suggestive  of  the  genus  Exogyra.  Oligocene,  Dor  El  Muelah. 
la,  b,  Paratype  (LL  12808),  a right  valve:  a,  exterior,  showing  Exogyra-Wke  coiling;  b,  interior. 
Oligocene,  track  from  Nofilia  to  Dahra. 
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1884  Platygena  asiatica  Romanovsky,  p.  77. 

1937  Ostrea  (Platygena)  asiatica  Romanovsky,  Vyalov,  p.  29,  pis.  22-25. 

Material  excnnined.  About  seven  specimens.  The  one  now  illustrated  bears  the  registration  number 
LL  12812. 

Description.  The  specimens  show  well  the  characteristics  of  this  well-defined  species, 
namely,  its  large  size  (they  are  150  mm.  or  more  in  diameter),  its  circular  outline,  the 
flatness  of  its  valves,  and  the  peculiar  pyriform  shape  of  the  visceral  cavity.  Above  the 
middle  of  the  height  of  the  shell  the  anterior  and  posterior  margins  of  this  cavity  con- 
verge rapidly  and  almost  symmetrically,  and  then  curve  round  so  as  to  become  almost 
parallel  as  they  approach  the  lower  margin  of  the  ligamental  area.  The  dorsal  part  of 
the  visceral  cavity  thus  forms  a relatively  narrow  neck  which  is  bordered  above  by  the 
margin  of  the  extended,  almost  parallel-sided  ligamental  area.  The  reniform  adductor 
scar  lies  below  the  base  of  this  neck.  On  either  side  of  the  neck  of  the  visceral  cavity 
and  the  ligamental  area  the  successive  layers  of  the  shell  project  more  and  more  so  that 
the  outline  of  the  outermost  layer  conforms  with  the  circular  shape  of  the  valve  as  a 
whole.  The  specimens  which  are  left  valves  are  fairly  thick  and  have  a foliaceous  surface 
on  which  there  are  traces  of  radial  ribbing.  The  ribs  are  broader  and  not  so  well  defined 
as  in  the  figures  of  Romanovsky,  but  in  view  of  the  very  close  agreement  which  the 
Libyan  specimens  otherwise  display  with  those  from  Turkestan  it  seems  probable  that 
this  difference  is  merely  due  to  local  variation. 

Occurrence.  Wadi  Negaai  (26°  50'  N.,  16°  25'  E.),  120  km.  south  of  El  Eog’ana,  Libya. 
This  is  the  first  record  of  the  species  from  outside  Central  Asia,  where  it  is  the  most 
characteristic  oyster  of  the  Rishtan  stage  of  the  Palaeogene,  now  considered  to  be  of 
Upper  Eocene  (Bartonian)  age  (Vyalov  1947,  p.  133).  It  is  presumed  that  the  beds  in 
Libya  in  which  it  occurs  are  of  the  same  age. 

Family  vulsellidae 
Genus  euphenax  Cox  1931 
Euphenax  variolosa  (Oppenheim) 

Plate  4,  figs.  1-3 

1903  Plicatiila  Schweinfurthi  Oppenheim,  p.  61,  pi.  7,  figs.  17,  lla. 

1903  Plicatula  variolosa  Oppenheim,  p.  62,  pi.  7,  figs.  18,  18u. 

1934  Plicatula  Schweinfurthi  Oppenheim,  Desio,  p.  16. 

1942  Plicatula  variolosa  Oppenheim,  Rossi,  p.  158,  pi.  8,  figs.  la-c. 

Material  examined.  Nine  specimens.  Those  now  illustrated  bear  the  registration  numbers  LL  12814-16. 

Remarks.  With  the  material  now  available  from  Libya  it  is  possible  to  supplement 
existing  information  on  this  interesting  species,  which  was  originally  described  from  the 
Eocene  of  Egypt  and  proves  to  belong  to  the  genus  Euphenax  Cox.  Rossi,  the  first 
author  to  decide  that  Plicatula  schweinfurthi  and  P.  variolosa  are  synonymous,  chose 
the  second  name  for  the  species  and  her  choice  must  be  accepted. 

Description.  The  two  valves  of  the  shell  are  equally  and  strongly  convex  and  the  umbo 
of  each  is  strongly  curved  in  a direction  which  is  assumed,  by  analogy  with  oysters,  to 
be  posterior.  Unfortunately,  the  position  of  the  adductor  scar  cannot  be  located,  as  the 
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innermost  layer  of  the  shell  has  partly  flaked  away  in  the  available  specimens.  The 
umbonal  region  is  slightly  flattened  or  excavated  in  specimens  which  would  be  left 
valves  on  this  assumption,  but  no  unmistakable  attachment  area  can  be  seen  and  the 
shell,  unlike  Plicatida  and  Ostrea,  may  not  have  grown  cemented  to  other  objects.  The 
ligamental  area  of  each  valve  is  very  similar  to  that  of  Ostrea  and  hinge-teeth  are  absent. 

As  in  Euphenax  jamaicensis  (Trechmann),  the  type  species  of  the  genus,  the  wall  of 
the  shell  consists  of  a cellular  outer  layer,  formed  of  radially  aligned  cells,  and  a more 
compact  middle  layer.  In  the  present  species  narrow  radial  ribs  separate  the  rows  of 
cells  of  the  outer  layer,  while  the  surface  of  the  middle  layer,  from  which  most  or  all  of 
the  outer  layer  has  broken  away  in  the  specimens  studied,  bears  narrow,  rounded  radial 
ribs,  which  increase  by  bifurcation,  and  irregular  concentric  rugae.  In  Oppenheim’s  type 
specimen  of  Plicatula  schweinfurthi  the  outer  layer  seems  to  have  disappeared,  exposing 
the  surface  of  the  middle  layer,  on  which  the  radial  ribbing  is  less  pronounced  than  in 
the  specimens  from  Libya.  The  type  specimen  of  Plicatula  variolosa,  however,  apparently 
retained  the  outer  layer.  Like  E.  jamaicensis,  E.  variolosa  appears  to  have  had  a number 
of  thin-walled  chambers  on  the  inner  side  of  the  wall  of  the  shell,  so  that  the  actual 
inner  surface  of  each  valve,  at  least  in  the  more  dorsal  region,  belonged  to  a fragile 
partition. 

The  specimens  now  described  display  a feature  not  found  in  E.  jamaicensis  or  noted 
previously  in  E.  variolosa.  Under  the  beak  in  both  valves  is  a depression  resembling  a 
lunule  (except  in  its  presumed  posterior  position).  A deep,  irregularly  curved  groove  or 
slit  originates  at  the  base  of  this  depression  and  runs  down  the  interior  of  the  valve, 
its  length  and  position  varying  in  different  specimens.  It  does  not  penetrate  to  the  outer 
surface  of  the  middle  layer  of  the  shell  wall  except  in  the  depression  mentioned,  as 
nowhere  else  is  it  visible  from  the  exterior  of  the  shell  even  where  the  outer  layer  has 
disappeared.  This  groove  seems  to  be  of  the  same  nature  as  the  marginal  indentations 
found  in  Eligmus  and  other  Vulsellidae,  although  it  occupies  a different  position.  All  the 
specimens  have  numerous  small  perforations  due  to  boring  sponges. 

Occurrence.  Wadi  Abu  Naim  (29°  05'  N.,  18°  28'  E.),  Central  Sirtica,  Libya.  In  Egypt 


EXPLANATION  OF  PLATE  3 

Ostrea  {Platygena)  asiatica  Romanovsky.  Left  valve  (LL  12812),  exterior  and  interior  ( x 0-67).  Eocene, 
Wadi  Negaai,  120  km.  south  of  El  Fog’ana. 

EXPLANATION  OF  PLATE  4 

Figs.  1-3.  Euphenax  variolosa  (Oppenheim);  Eocene,  Wadi  Abu  Naim,  central  Sirtica.  \a,  b,  Left 
valve  (LL  12814):  a,  exterior;  b,  interior  (both  x 1).  la,  b.  Left  valve  (LL  12815):  a,  exterior;  b, 
interior,  showing  groove  (both  xl).  2>a,  b.  Right  valve  (LL  12816):  a,  interior,  showing  groove; 
b,  exterior  (both  x 1). 

Figs.  4-6.  Carolia  libyca  sp.  nov.;  Eocene,  Caret  Rag’uba.  4a,  b,  Holotype  (LL  12825),  a right  valve: 
a,  exterior,  showing  small  opening  of  byssal  foramen;  b,  interior,  showing  last-like  chondrophore 
apophysis  (both  x 1).  5a,  b,  Paratype  (LL  12827),  a right  valve:  a,  exterior,  earlier  growth  stages, 
showing  foramen  and  surface  ornament  (x3);  b,  interior,  showing  chondrophore  apophysis  (x  1). 
6a,  b,  Paratype  (LL  12828),  a left  valve:  a,  exterior;  b,  interior,  showing  chondrophore  ridges  (both 
X 1). 

Figs.  7-9.  Anomia  desioi  sp.  nov.;  Eocene,  Dor  El  Chraib.  7,  Paratype  (LL  12821),  a right  valve  (X  1). 
8fl,  b,  Holotype  (LL  12820),  a right  valve:  a,  x 1 ; 6,  enlarged  (x2T),  showing  ornament.  9a,  b, 
Paratype  (LL  12818),  a right  valve:  a,  interior;  b,  exterior  (both  x 1). 
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this  species  occurs  in  the  Lower  Mokattam  Stage  (Lutetian),  and  it  is  assumed  that  the 
beds  in  Libya  in  which  it  occurs  are  of  the  same  age. 

Family  anomiidae 
Genus  anomia  Linnaeus  1758 
Anomia  desioi  sp.  nov. 

Plate  4,  figs.  7-9 

Material  exainined.  Twenty-five  specimens.  The  holotype  (figs.  8o,  b)  bears  the  registration  number 
LL  12820,  the  figured  paratypes  the  numbers  LL  12818,  12821. 

Description.  Trigonally  ovate,  with  the  height  slightly  exceeding  the  length,  of  small- 
medium  size  for  the  genus,  height  of  largest  specimen  c.  24  mm. ; subequivalve,  both 
valves  of  moderately  strong  but  somewhat  variable  convexity.  Surface  of  shell  bearing 
growth  imbrications  at  irregular  intervals  and  a delicate  pattern  of  weak,  irregular, 
sinuous  radial  riblets  which  are  relatively  broad  for  a species  of  Anomia. 

Remarks.  Desio  (1934,  p.  18,  pi.  12,  fig.  8)  has  recorded  from  Libya  the  widespread 
European  Middle  Eocene  species  Anomia  tenuistriata  Deshayes,  together  with  a second 
form  which  he  describes  (p.  18,  pi.  12,  fig.  9)  as  a new  variety  libyca  of  A.  tenuistriata. 
In  the  shells  now  described  the  radial  riblets  are  very  much  broader  than  in  typical  Paris 
Basin  specimens  of  A.  tenuistriata  (in  which  they  would  be  more  correctly  described  as 
fine  threads),  and  they  are  also  more  sinuous.  The  nature  of  their  ornament  similarly 
distinguishes  them  from  Desio’s  var.  libyca,  which  resembles  them  in  size  and  shape. 
No  species  of  Anomia  is  described  in  Oppenheim’s  (1903-6)  monograph  on  the  Eocene 
mollusca  of  Egypt. 

Occurrence.  Dor  El  Chraib  (29°  48'  N.,  17°  22'  E.),  Libya.  Associated  species  suggest 
that  the  specimens  are  Upper  Eocene  in  age. 

Genus  carolia  Cantraine,  1838 
Carolia  libyca  sp.  nov. 

Plate  4,  figs.  4-6 

1934  Carolia  placunoides  Cantraine,  Desio,  p.  19,  pi.  8,  figs,  la,  b (non  Cantraine). 

Material  examined.  About  twenty-five  specimens.  The  holotype  (figs.  Aa,  b)  bears  the  registration 
number  LL  12825,  the  figured  paratypes  the  numbers  LL  12827,  12828. 

Description.  Small  for  the  genus,  most  specimens  about  45-50  mm.  in  diameter,  orbi- 
cular, left  valve  feebly  convex,  right  valve  flat  in  earlier  growth  stages,  later  feebly 
convex;  valve  margins  plane  or  slightly  plicated.  Both  valves  thick  in  proportion  to  their 
size  and  with  a concentrically  lamellose  surface  bearing  very  fine,  discontinuous, 
slightly  sinuous  radial  threads.  Right  valve  with  a foramen  of  varying  size  which  is 
open  to  the  interior  of  the  shell,  where  its  margins  project  prominently,  forming  a short 
tube  in  some  specimens;  the  foramen  is  closed  or  reduced  to  a very  small  orifice  exter- 
nally. Chondrophore  apophysis  relatively  heavy,  last-like  in  some  specimens  and 
extending  across  a visible  foramen  groove  from  its  posterior  side,  mushroom-shaped  in 
others,  with  the  foramen  groove  obliterated  by  shelly  matter.  Left  valve  with  a pair  of 
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thin,  broadly  divergent  chondrophore  ridges,  each  very  close  to  the  adjacent  shell 
margin.  Adductor  scars  deep,  circular. 

Remarks.  The  shells  upon  which  this  new  species  has  been  founded  have  been  compared 
with  a considerable  series  of  specimens  of  the  well-known  Egyptian  Eocene  species 
Carolia  placunoides  Cantraine,  and  show  several  points  of  difference  which  justify  their 
recognition  as  a distinct  species.  The  shell  is  very  much  smaller,  the  usual  diameter  of 
specimens  of  C.  placunoides  being  about  90  mm.  At  the  same  time,  it  is  relatively  much 
thicker  and  less  fragile,  the  thickness  of  the  wall  of  the  right  valve,  which  appears  to 
exceed  that  of  the  left,  being  as  much  as  6 mm.  in  some  specimens.  Whereas,  moreover, 
the  right  valve  of  C.  placunoides  remains  flat  even  in  late  stages  of  growth,  in  the  new 
species  this  valve  becomes  very  distinctly  convex  when  full-grown.  The  chondrophore 
apophysis  is  relatively  stouter  in  the  new  species  than  in  C.  placunoides. 

The  specimens  from  Libya  figured  under  the  name  C.  placunoides  by  Desio  (as  cited 
above)  seem  to  belong  to  this  new  species. 

Occurrence.  Caret  Rag’uba  (29°  30'  N.,  17°  30'  E. — type  locality)  and  Wadi  Zenad 
(30°  16'  N.,  17°  30'  E.),  north  of  Umm  Meeser,  Libya.  The  age  of  the  specimens  is 
thought  to  be  Upper  Lutetian  or  Bartonian. 

Genus  placenta  Retzius  1788 
Subgenus  indoplacuna  Vredenburg  1924 
Placenta  {Indoplacuna)  africana  sp.  nov. 

Plate  5 

Material  examined.  Eight  specimens.  The  holotype  (figs.  3o,  b)  bears  the  registration  number  LL  12832; 
the  figured  paratypes  include  the  numbers  LL  12833-4. 

Description.  Rather  small  for  the  genus,  largest  specimen  (now  broken)  originally  about 
65  mm.  high,  quadrately  suborbicular.  Valves  almost  flat,  very  thin  and  fragile.  Dorsal 
margins  almost  straight  apart  from  the  feebly  projecting  umbonal  region,  and  forming 
well-marked,  very  slightly  obtuse  angles  with  the  anterior  and  posterior  margins; 
ventral  margin  semicircular.  Surface  ornamented  with  very  flue,  slightly  sinuous,  mostly 
continuous  radial  threads,  those  on  the  anterior  and  posterior  parts  of  the  shell  curving 
outwards  towards  the  margins.  Right  valve  with  the  chondrophore  ridges  and  shelly 
matter  occupying  the  space  between  them  forming  a structure  recalling  an  arrow-head 
with  slightly  concave  sides;  foramen  obliterated.  Left  valve  with  a pair  of  very  thin 
chondrophore  ridges  which  are  widely  divergent,  meeting  in  an  angle  of  130°  or  more. 
Adductor  scars  superficial. 


EXPLANATION  OF  PLATE  5 

Figs.  1-5.  Placenta  {Indoplacuna)  africana  sp.  nov.;  Miocene,  south  of  Dor  Zaggut.  1,  Paratype  (LL 
12833),  a left  valve  broken  away  posteriorly,  but  showing  the  well-marked,  shoulder-like  antero- 
dorsal  angle  (X  1).  2,  Paratype  (B.P.M.  Coll.no.  M 373  (B));  surface  ornament  (x  3).  3a,  b,  Holotype 
(LL  12832),  a left  valve:  a,  interior,  showing  widely  divergent  chondrophore  ridges;  b,  exterior 
(both  X 1).  4,  Paratype  (B.P.M.  Coll.  no.  M 373  (D)),  a left  valve:  interior  (X  1).  5a,  b,  Paratype 
(LL  12834),  a right  valve:  a,  interior,  showing  shelly  infilling  of  space  between  chondrophore  ridges; 
b,  exterior  (both  X 1). 
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Remarks.  Desio  (1929,  p.  257)  and  Stefanini  (1929,  p.  9)  have  recorded  a species  from 
the  Miocene  of  Libya  which  they  have  identified  as  'Placuna'  [now  Placenta]  miocenica 
Fuchs  (1883,  p.  44,  pi.  13,  figs.  1-4),  the  type  specimens  of  which  came  from  the  Siwa 
oasis,  in  western  Egypt.  No  specimens,  however,  have  been  figured  by  either  author, 
and  I cannot  say  if  their  records  refer  to  the  form  now  described.  This  species  is  particu- 
larly characterized  by  the  thinness  and  wide  angle  of  divergence  of  the  chondrophore 
ridges  of  its  left  valve,  these  ridges  being  almost  at  right  angles  to  one  another  in  P. 
miocenica.  The  threads  ornamenting  the  surface  of  the  shell  are,  moreover,  much  finer 
than  in  P.  miocenica,  and  its  dorsal  margins  form  better  defined  angles  with  the  anterior 
and  posterior  margins.  P.  miocenica  attains  a considerably  larger  size  than  any  of  the 
specimens  upon  which  the  new  species  has  been  founded. 

P.  miocenica  and  P.  africana  both  belong  to  the  subgenus  Indoplacima  Vredenburg 
(1924,  p.  117),  characterized  by  the  partial  or  almost  complete  infilling  of  the  angle 
between  the  chondrophore  ridges  of  the  right  valve  by  a mass  of  shelly  material.  The 
subgenus  is  now  known  from  the  Oligocene  (?)  and  Lower  Miocene  of  Burma,  the 
Lower  Miocene  (Gaj  Beds)  of  Sind,  the  Miocene  of  Oman,  Arabia  (unrecorded 
specimens  in  the  British  Museum  (Natural  History)),  and  the  Miocene  of  western 
Egypt  and  Libya.  The  absence  of  both  Placenta  s.  str.  and  Indoplacima  from  the 
Miocene  of  Europe  is  noteworthy. 

Occurrence.  Miocene,  south  of  Dor  Zaggut  (28°  55'  N.,  19°  48'  E.),  Libya. 
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NAMAICHTHYS  SCHROEDERI  GURICH  AND 
OTHER  PALAEOZOIC  FISHES  FROM 
SOUTH  AFRICA 

by  B.  G.  GARDINER 


Abstract.  Namaichthys  schroederi  Giirich  is  redescribed  from  new  material  from  Ganikobis  and  several  other 
species  of  fish  previously  described  from  the  Lower  Karroo  are  re-examined. 


The  earliest  comparative  description  of  a fish  fauna  of  Dwyka  age  was  given  by  Giirich 
in  1923  when  he  described  a number  of  Palaeoniscoid  genera  from  Ganikobis  in  South- 
west Africa.  He  erected  one  new  Palaeoniscoid  genus,  viz.  Namaichthys,  which  was  only 
described  from  two  somewhat  incomplete  specimens.  Recently  much  new  Palaeoniscoid 
material  has  been  collected  from  Ganikobis  and  the  majority  of  the  new  specimens 
belong  to  this  genus,  and  together  afford  a far  more  complete  picture  than  that  given 
by  Giirich  (1923,  p.  55). 

MATERIAL 

The  new  fish  remains  were  collected  by  the  Geological  Survey  of  South  Africa  from 
Ganikobis,  10  miles  to  the  west  of  Tses  Station  in  the  Berseba  Native  Reserve.  The 
Dwyka  succession  in  this  area  begins  with  a hard,  calcareous  tillite  of  ‘ground  moraine’ 
type.  Between  Tses  and  Mariental  the  tillite  is  overlain  by  a soft,  dark  grey  or  black, 
bituminous  shale  and  it  is  in  the  lower  portion  of  this  that  the  fish  fauna  of  Ganikobis 
is  found  (Martin  1953).  Above  the  shale  band  is  another  bed  of  tillite  in  the  form  of  a 
boulder  shale.  Between  Tses  and  Asab  this  second  glacial  bed  is  succeeded  by  a grey 
shale  containing  slabs  of  limestone  which  have  yielded  gastropods  and  crinoids.  Follow- 
ing this  second  marine  bed  is  a third  glacial  deposit  which  is  again  composed  of 
boulder-shales.  Thus  the  boulder  beds  in  this  area  contain  at  least  two  sets  of  marine 
sediments,  the  first  of  which  contains  the  Ganikobis  fish.  These  sediments  are  inter- 
spersed between  the  boulder  beds  of  glacial  origin  which  have  been  deposited  by  ice 
that  came  from  the  west  and  northwest  (Martin  1953).  These  shale  beds  represent  the 
bottom  of  the  Upper  Dwyka  Shales  and  since  the  White  Band  of  the  top  of  the  Upper 
Dwyka  Shales  is  not  developed  in  this  area  it  seems  that  the  fish  beds  belong  to  the 
Uppermost  Carboniferous  and  may  probably  be  correlated  with  the  Rio  Bonito  Beds 
of  Brazil  and  Uruguay  (du  Toit  1954,  p.  351).  The  fish  occur  in  hard,  black,  fine-grained 
calcareous  nodules,  and  no  other  fossils  were  found  in  association  with  them. 


SYSTEMATIC  DESCRIPTIONS 

Order  palaeoniscoidea 
Family  acrolepidae 

Diagnosis.  See  Aldinger  1937,  pp.  250-2. 

[Palaeontology,  Vol.  5,  Part  1,  1962,  pp.  9-21,  pi.  6.] 
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Genus  namaichthys  Gurich  1923 

Diagnosis  (emended).  Body  fusiform,  caudal  fin  deeply  cleft  and  inequilobate.  Principal 
rays  of  the  pectoral  fin  unarticulated  for  at  least  a third  of  their  length.  Dorsal  and  anal 
fin  triangular,  the  former  situated  in  front  of  the  latter,  both  approximately  the  same 
size.  Pelvic  fin  short  based  and  situated  much  nearer  to  the  anal  fin  than  to  the  pectorals; 
all  fins  with  numerous  small  fulcra  and  the  lepidotrichia  distally  bifurcating.  Scales  with 
a denticulated  hinder  margin  and  with  the  ornamentation  finishing  in  a series  of  digita- 
tions  at  the  anterior  overlapped  border.  Suspensorium  oblique,  opercular  at  least  twice 
as  deep  as  the  subopercular — teeth  consisting  of  well-formed  conical  laniaries  and 
numerous  smaller  teeth;  skull  roofing  bones  ornamented  with  tubercles  and  ridges  of 
enamel. 

Type  species.  Namaichthys  schroederi  Gurich. 

Remarks.  The  type  material  described  by  Gurich  1923  was  housed  in  the  Preussischen 
Geologischen  Landesanstalt  zu  Berlin,  now  known  as  Sammlung  des  Zentralen  Geo- 
logischen  Dienstes  der  Staatlichen  Geologischen  Kommission  der  D.D.R.,  Berlin.  As 
a result  of  the  war  many  of  the  specimens  once  housed  in  this  museum  have  been  lost, 
and  the  director  informs  me  that  it  is  highly  unlikely  any  of  Giirich’s  types  still  remain. 

Namaichthys  schroederi  Gurich 
Plate  6;  text-figs.  1-3 

1908  H.  Schroeder,  p.  696. 

1913  E.  Hennig,  p.  310. 

1923  Namaichthys  schroederi  Gurich,  p.  55,  text-figs.  14-16;  pi.  2. 

1954  Namaichthys  schroederi  Gurich:  du  Toit,  p.  280  (name  only). 

Diagnosis.  A species  of  Namaichthys  with  a skull  length  of  up  to  10  cm.  The  length  of 
the  head  is  contained  rather  more  than  four  times  in  the  total  body  length.  Opercular 
over  twice  as  long  as  it  is  broad  and  twice  the  size  of  the  subopercular.  Skull  with  a 
prominent  rostrum  and  a series  of  four  suborbital  bones.  Fins  rather  small,  scales  thick 
and  rhomboidal  with  seven  or  eight  large  tooth-like  projections  posteriorly. 

Material.  Proposed  Neotype  Geological  Survey  of  South  Africa  no.  7099  and  counterpart,  head  and 
anterior  part  of  body;  six  other  specimens  in  the  B.M.N.H.,  all  from  the  Dwyka,  Ganikobis. 

Description.  The  skull.  The  general  shape  of  the  head  can  be  seen  from  text-fig.  1.  The 
orbit  is  large  and  situated  well  forward  and  there  is  a prominent  rostrum  as  in  Elonich- 
thys  (Moy-Thomas  and  Dyne  1938,  p.  459).  The  ornamentation  of  the  skull  roofing 
bones  is  coarse  with  ridges  and  tubercles  running  more  or  less  along  the  length  of  the 
bone  on  the  frontals,  parietals,  dermopterotics,  and  nasals.  On  the  preopercular  the 
ridges  run  forwards  and  upwards,  whilst  on  the  suborbitals  they  run  more  or  less  con- 
centrically. Both  the  opercular  and  subopercular  show  growth-lines  and  the  ridges  and 
tubercles  follow  the  course  of  these  (i.e.  they  run  concentrically  round  the  bone).  On 


EXPLANATION  OF  PLATE  6 

Namaichthys  schroederi  Gurich.  Part  and  counterpart  of  neotype.  Geological  Survey  of  South  Africa. 
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the  supra-  and  extra-scapular  the  ridges  of  ornament  follow  a much  more  sinuous 
course  while  on  the  cleithrum  and  supracleithrum  these  wavy  ridges  run  more  along 
the  length  of  the  bones.  Similar  wavy  striae  and  ridges  are  seen  on  the  gulars,  branchio- 
stegal  rays  and  lower  jaw. 

The  suprascapular  is  large  and  bluntly  rounded  posteriorly.  Anteriorly  it  meets  the 


TEXT-FIG.  I.  Nanmichthys  schroederi  Giirich.  Restoration  of  skull  in  lateral  view,  key:  ap.  anterior 
pit  line;  Ang.  angular;  Art.  articular;  art.  pr.  process  articulating  with  neurocranium;  Br.  branchio- 
stegal  ray;  Cl.  Cleithrum;  Cor.  coronoid;  Den.  dentary;  Dhy.  dermohyal;  Dpt.  dermopterotic;  Dsp. 
dermosphenotic;  Enpt.  entopterygoid;  Exsc.  extrascapular;  Fr.  frontal;  G.  gular  plate;  he.  supra- 
maxillary  sensory  line;  Inf.  infraorbital;  Meek,  ossified  meckelian  cartilage;  Metpt.  metapterygoid; 
Mg.  median  gular;  mp.  median  pit  line;  Mx.  maxilla;  na^  anterior  nasal  aperture;  na-2  posterior  nasal 
aperture;  Na.  nasal;  Op.  opercular;  Pa.  parietal;  Pal.  palatine;  Pci.  postcleithrum ; Pmx+Ant.  pre- 
maxillo-antorbital;  Pop.  preopercular;  pp.  posterior  pit  line;  Prar.  preangular;  Ptr.  postrostral;  Qu. 
quadrate;  Sang,  surangular;  Sbo.  suborbital;  Scl.  supracleithrum;  Sop.  subopercular;  Spt.  supra- 

pterygoid;  Ssc.  suprascapular. 

extrascapulars.  Of  the  extrascapular  series,  there  are  two  pairs  of  bones  as  in  Watsonich- 
thys  (Aldinger  1937,  p.  254).  The  parietals  and  frontals  are  both  large  and  constitute  the 
major  portion  of  the  skull  roof.  The  dermopterotics  considerably  extend  the  lateral 
borders  of  the  roof,  and  are  larger  than  in  the  genus  Elonichthys.  Anteriorly  the  frontals 
meet  the  postrostral  and  the  nasals.  The  nasal  is  a long  bone  and  borders  the  frontal 
along  almost  one  half  of  its  lateral  edge.  The  remaining  portion  of  the  lateral  edge  of 
the  frontal  is  delimited  by  the  dermopterotic.  The  postrostral  where  it  joins  the  frontals 
is  much  more  U-shaped  than  in  any  of  the  allied  genera  (i.e.  Watsonichthys,  Acrolepis, 
Acropholis).  However,  the  premaxillary-antorbital  which  anteriorly  joins  both  postro- 
stral and  nasal  is  very  similar  to  that  seen  in  Elonichthys.  The  orbit  is  apparently  bordered 
by  a series  of  five  bones,  the  dermosphenotic  and  nasal  above,  the  premaxillary-antorbital 
and  two  infraorbitals  below.  The  dermosphenotic  is  elongated  posteriorly  and  fits  neatly 
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over  the  dorsalmost  suborbital,  almost  meeting  the  preopercular.  There  is  a series  of 
four  suborbitals  of  which  the  dorsal  one  and  the  ventral  one  are  the  smallest  and  are 
both  distinctly  triangular  in  shape.  The  preopercular  does  not  cover  as  large  an  area  of 
the  cheek  as  it  does  in  Elonichthys  and  Watsonichthys,  but  there  is  a narrow  dermohyal 
present  between  the  preopercular  and  the  opercular. 


Sanq 


I I 

10  mm 

TEXT-FIG.  2.  Namaichthys  schroederi  Giirich.  Restoration  of  lower  jaw.  A,  Outer  surface.  B,  Inner 

surface.  For  key,  see  text-fig.  1 . 

From  the  angle  of  the  opercular  bones  the  suspensorium  can  be  seen  to  be  very 
oblique,  with  the  opercular  lying  at  a very  acute  angle  above  the  preopercular  and 
dermohyal.  The  opercular  is  over  twice  as  long  as  it  is  broad  and  twice  the  size  of  the 
subopercular.  The  subopercular  is  more  vertical  in  position  and  broader  than  it  is  deep. 
The  maxilla  is  of  much  the  same  shape  as  in  Elonichthys,  but  the  posterior  members  of 
the  larger  tooth  series  are  curved  so  that  their  tips  are  directed  forwards.  The  number 
of  branchiostegal  rays  that  could  be  counted  with  any  accuracy  totalled  eighteen,  with 
a pair  of  gulars  and  a median  gular  anteriorly. 

Lower  jaw.  The  greater  portion  of  the  outer  surface  of  the  jaw  is  made  up  of  the 
dentary.  The  angular  makes  up  the  posterior  border  of  the  jaw  and  reaches  upwards 
behind  the  surangular  (text-fig.  2)  to  the  articulation;  it  extends  anteriorly  for  about 
half  of  the  total  jaw  length.  The  surangular  is  more  exposed  than  in  many  palaeoniscids 
(cf.  Nematoptychius  greenocki,  Watson  1925,  fig.  1 1)  with  the  exposed  portion  exhibiting 
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a triangular  shape.  The  dentary  anteriorly  has  a marked  symphysis  with  its  opposite 
member,  and  on  the  outer  surface  of  the  jaw  passes  backwards  to  overlap  extensively 
both  the  angular  and  surangular.  The  upper  border  of  the  dentary  supports  a series  of 
large  curved  teeth  which  posteriorly  are  directed  forwards,  and  an  outer  row  of  numer- 
ous, closely  arranged,  small  teeth.  These  are  set  on  a shelf  which  is  overlapped  labially 
to  a certain  degree  by  the  coronoid.  The  coronoid  also  overlaps  the  dorsal  edge  of  the 
prearticular.  The  prearticular  is  a large  bone  covering  well  over  half  of  the  inner  surface 
of  the  jaw,  with  its  lower  margin  free  along  most  of  its  length.  The  posterior  end  of 


Metpt 


I — 1 

10  mm 

TEXT-FIG.  3.  Namaicbthys  schroederi  Giirich.  The  palatoquadrate  apparatus  of  the  left  side,  viewed 
from  its  admesial  surface.  For  key  see  text-fig.  1. 

Meckel’s  cartilage  is  completely  ossified,  forming  a stout  articular,  and  the  remainder 
similarly  appears  to  be  ossified,  though  rather  more  lightly. 

Palate.  The  palatoquadrate  cartilage  is  completely  ossified,  and  by  far  the  most 
extensive  bone  is  the  entopterygoid  (pterygoid  of  Watson  1925).  The  entopterygoid  is 
distinctly  concave  and  of  pronounced  semitubular  shape  and,  together  with  the  maxilla, 
must  have  enclosed  the  maxillary  muscles,  nerves,  and  blood-vessels  very  completely. 
Posteriorly  and  not  often  visible  is  the  ectopterygoid  which  joins  the  entopterygoid  to 
the  maxilla;  when  observable  it  appears  as  a small  sliver  of  bone.  In  front  of  the  ecto- 
pterygoid the  ventral  border  of  the  entopterygoid  is  attached  to  the  palatine.  This  bone 
bears  a series  of  pointed  teeth,  but  whether  it  is  of  composite  structure  as  in  Watsonich- 
thys  pect hiatus  (Watson  1925,  p.  853)  could  not  be  ascertained.  Posteriorly  the  ento- 
pterygoid joins  the  quadrate.  The  masticatory  muscles  passed  backwards  and  turned 
down  between  the  hinder  end  of  the  ectopterygoid  and  the  quadrate,  to  pass  into  the 
cavity  of  the  lower  jaw.  Above  the  entopterygoid  is  an  expanded,  more  lightly  ossified 
metapterygoid,  but  this  is  more  vertical  and  did  not  enclose  the  masticatory  muscles. 
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merely  being  applied  to  the  inner  surface  of  the  maxilla  and  preopercular.  The  meta- 
pterygoid also  articulates  with  the  quadrate  posteriorly  and  has  a distinct  groove  near 
its  dorsal  border,  similar  to  that  described  by  Nielsen  in  Pteronisculus  (1942,  p.  145) 
and  by  Rayner  in  Kentiickia  (1951,  p.  58).  In  front  of  this  groove  is  a stout  upward  pro- 
jection which  articulated  with  the  basipterygoid  process  on  the  neurocranium.  Anterior 
to  this  the  palatoquadrate  bar  is  deeply  notched  to  allow  the  passage  of  the  maxillary 
and  mandibular  branch  of  the  V nerve.  The  suprapterygoid  series  continues  a little  way 
beyond  the  notch  and  finishes  before  the  anterior  extremity  of  the  entopterygoid. 

Appendicular  skeleton.  The  supracleithrum  is  very  long  and  extends  down  from  the 
suprascapular  to  well  beyond  the  junction  of  the  opercular  and  subopercular.  It  is 
widest  dorsally  and  narrows  as  it  passes  backwards  and  downwards.  There  is  a small 
postcleithrum  present.  The  cleithrum  is  both  deep  and  robust,  and  adjoins  the  triangular 
clavicles  ventrally.  The  clavicles,  however,  have  nothing  like  the  immense  proportions 
seen  in  Watsonichthys  pectinatus. 

The  pectoral  fin  has  at  least  sixteen  lepidotrichia,  and  probably  nearer  twenty.  The 
principal  rays  are  unarticulated  for  over  a third  of  their  length,  but  bifurcate  distally. 
Numerous  small  fulcra  are  present. 

The  pelvic  fin  is  not  very  long  based  and  is  formed  of  about  fifteen  lepidotrichia. 
Again  the  fulcra  are  small  and  numerous  and  the  rays  distally  bifurcated,  but  they  are 
articulated  along  the  whole  of  their  length. 

Unpaired  fins.  The  dorsal  and  anal  fins  are  of  approximately  the  same  size.  The  dorsal 
is  formed  of  about  twenty-five  and  the  anal  twenty-three  rays,  the  fourth  and  fifth  ray 
being  the  longest  in  each  fin. 

The  caudal  fin  is  heterocercal,  deeply  cleft  and  unequilobate.  All  the  unpaired  fins 
have  numerous  small  fulcral  scales  anteriorly. 

Squamation.  The  scales  are  thick,  rhomboidal  and  deeply  imbricating.  Posteriorly 
they  are  denticulate,  the  first  two  or  three  scale  rows  behind  the  opercular  apparatus 
bearing  seven  or  eight  tooth-like  projections  posteriorly.  The  ornamentation  consists  of 
fine  transverse  ridges,  which  at  times  follow  the  lower  margin  of  the  scale.  In  the  pos- 
terior third  of  the  body  the  ridges  are  better  marked.  Anteriorly  the  ornamentation  ends 
in  a series  of  well  marked  digitations  on  the  overlapped  portion  of  the  scale.  The  layer 
of  enamel  is  relatively  thin. 

Other  Palaeozoic  fishes  from  South  Africa.  The  following  descriptions  include  all  the 
other  fish  remains  so  far  described  from  the  Dwyka  Series  of  South  Africa  together  with 
species  of  fish  of  latter  age  which  clearly  belong  to  Dwyka  genera  (i.e.  Namaichthys 
sciilptus  (Egerton)  and  N.  molyneuxi  ( Woodward).  Finally  one  other  species,  Elouichthys 
whaitsi  Broom,  from  the  Lower  Beaufort,  is  discussed  since  it  is  definitely  a member  of 
the  genus  Elouichthys  and  as  such  represents  the  only  undoubted  Elouichthys  so  far 
described  from  the  Karroo. 

Namaichthys  sculptus  (Egerton) 

1856  Palaeoniscus  sculptus  Egerton,  p.  227,  pi.  28,  figs.  28,  29,  30,  32,  35,  36,  39,  40  (41,  42). 

1856  Palaeoniscus  bani  Egerton,  p.  227,  pi.  28,  figs.  26,  27,  31,  33,  34,  37,  38. 

1891  Palaeoniscus  bani  Egerton;  Woodward,  p.  485. 
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1891  Palaeoniscus  sculptiis  Egerton:  Woodward,  p.  485. 

1891  Acrolepis  (?)  digitata  Woodward,  p.  508,  pi.  15,  fig.  4. 

1909  Acrolepis  digitata  Woodward:  Rogers  and  du  Toil,  p.  209  (name  only). 

1923  ? Palaeoniscus  bani  Egerton:  Gurich,  p.  32  (name  only). 

1923  ? Palaeoniscus  scidptus  Egerton:  Giirich,  p.  32  (name  only). 

1923  Acrolepis  (?)  digitata  Woodward:  Giirich,  pp.  32,  51. 

1926  Acrolepis  (?)  digitata  Woodward:  Deeke,  p.  105  (name  only). 

1926  Palaeoniscus  scidptus  Egerton:  Deeke,  p.  122  (name  only). 

1926  Palaeoniscus  bani  Egerton:  Deeke,  p.  122  (name  only). 

1937  Palaeoniscus  scidptus  Egerton:  Aldinger,  p.  96. 

1937  Palaeoniscus  bani  Egerton:  Aldinger,  p.  96. 

1937  Acrolepis  (?)  digitata  Woodward:  Aldinger,  p.  258. 

1946  Palaeoniscus  scidptus  Egerton:  Bond,  p.  128,  pi.  10,  fig.  4. 

Diagnosis  (emended).  A Namaichthys  in  which  the  enamel  upon  each  scale  terminates 
in  a series  of  digitations  at  the  anterior  overlapped  border  and  the  hinder  border  is 
denticulated.  The  ornamentation  of  the  scale  is  confined  to  a few  pits  in  the  posterior 
region. 

Syntypes.  B.M.N.H.  P.  12192,  P.  12193,  and  P.  12194  from  the  Lower  Beaufort,  Styl  Krantz,  Cape 
Colony  (scales). 

Remarks.  Unfortunately  this  species  is  only  known  from  scales.  The  type  of  this  species 
comes  from  Styl  Krantz,  which  is  considered  to  be  Cistecephahis  Zone  in  age.  Wood- 
ward’s type  of  Acrolepis  (?)  digitata  (1891,  p.  508),  however,  came  from  Graaf  Reinet, 
Cape  Colony,  which  according  to  Watson  ( 1914,  p.  205)  is  definitely  Cistecephahis  Zone. 
Further,  Bond  (1946,  p.  128)  records  this  species  from  the  Sesame  Valley,  near  the 
Madziwadzido  Native  Department  Camp.  It  would  appear  that  Styl  Krantz,  Graaf 
Reinet,  and  the  locality  in  the  Sesame  Valley  are  all  of  roughly  comparable  age,  viz. 
Lower  Beaufort,  and  probably  Cistecephahis  Zone. 

Namaichthys  molyneiixi  (Woodward) 

1903  Acrolepis  molyneiixi  Woodward,  p.  285,  pi.  20. 

1910  Acrolepis  sp.  Woodward,  p.  229,  pi.  9,  figs.  2-4. 

1923  Acrolepis  molyneuxi  Woodward:  Gurich,  pp.  32,  51. 

1954  Acrolepis  molyneiixi  Woodward:  du  Toit,  p.  323  (name  only). 

Diagnosis  (emended).  A Namaichthys  in  which  the  denticulate  hind  margin  of  the  scales 
consists  of  very  prominent  long  teeth.  At  the  anterior  overlapped  portion  of  the  scale 
the  enamel  ends  in  a series  of  digitations  and  the  ornamentation  consists  of  a number 
of  fine  ridges. 

Holotype.  South  African  Museum,  from  the  Sengwe  Coalfield,  Rhodesia,  Upper  Ecca  Shales  (scales). 
Remarks.  This  species  is  known  only  from  scales. 

Genus  watsonichthys  Aldinger  1935 
Diagnosis.  See  Aldinger  1935,  p.  254. 

Type  species.  Watsonichthys  pectinatus  (Traquair). 
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Watsonichthys  lotzi  (Giirich) 

1923  Acrolepis  lotzi  Giirich,  p.  34,  text-figs.  2,  4-9,  pi.  1. 

1937  Acrolepis  lotzi  Giirich:  Aldinger,  p.  260. 

1954  Acrolepis  lotzi  Giirich;  du  Toit,  p.  280  (name  only). 

Diagnosis.  See  Giirich  1923,  p.  34.  In  addition:  a Watsonichthys  with  not  such  a strong 
scale  ornamentation  as  that  seen  in  the  type  species.  The  ridges  of  enamel  on  the  scales 
are  not  as  stout,  fewer  in  number,  and  a greater  percentage  of  them  do  not  run  the 
whole  length  of  the  scale. 

Holotype.  Incomplete  fish,  showing  underside  of  head  and  one  fhird  of  the  body,  in  the  Sammlung  des 
Zentralen  Geologischen  Dienstes  der  Staatlichen  Geologischen  Kommission  der  D.D.R.,  Berlin,  from 
the  Upper  Dwyka  Shales,  Ganikobis. 

Remarks.  Aldinger  (1935,  p.  260)  suggests  that  from  the  form  of  the  opercular  and 
supracleithrum  this  species  probably  belongs  to  a new  genus,  although  he  does  not 
commit  himself  to  giving  it  a name.  Despite  the  type  material  not  being  accessible  to  the 
author  (it  has  presumably  suftered  the  same  fate  as  that  of  Naniaichthys  schroederi), 
from  Giirich’s  description  this  species  would  appear  to  fit  most  closely  into  the  genus 
Watsonichthys.  It  has  unarticulated  lepidotrichia  in  its  pectoral  fins  which  rules  out  its 
inclusion  in  the  genus  Elonichthys.  On  the  other  hand,  from  the  shape  and  size  of  both 
opercular  and  subopercular  it  could  not  possibly  be  placed  in  the  genus  Acrolepis.  The 
unarticulated  lepidotrichia  of  the  pectoral  fin,  ornamentation  of  the  scales,  shape  of 
the  opercular  apparatus  and  the  large  clavicles  all  agree  with  that  condition  seen  in 
the  genus  Watsonichthys. 

Family  palaeoniscidae 
Diagnosis.  See  Aldinger  1937,  pp.  229-30. 

Genus  palaeoniscus  Blainville  1818 
Diagnosis.  See  Westoll  in  Aldinger  1937,  p.  97. 

Type  speeies.  Palaeoniseus  freieslebeni  Blainville. 

Remarks.  This  genus  has  been  adequately  described  by  Westoll  with  additional  descrip- 
tion by  Aldinger,  in  Aldinger  1937,  pp.  97-99. 

Palaeoniscus  capensis  Broom 

1913a  Palaeoniscus  capensis  Broom,  p.  1,  pi.  2,  fig.  1. 

1923  Palaeoniscus  capensis  Broom:  Giirich,  pp.  28,  32. 

1926  Palaeoniscus  capensis  Broom;  Deecke,  p.  122  (name  only). 

1937  Palaeoniscus  capensis  Broom:  Aldinger,  p.  96. 

1954  Palaeoniscus  capensis  Broom:  du  Toit,  p.  279  (name  only). 

Diagnosis.  See  Broom  191 3o,  p.  1. 

Syntypes.  Three  specimens,  one  showing  all  but  the  head,  the  other  two  only  the  tail  halves,  in  the 
South  African  Museum,  from  the  Hantam  Mountains,  12  miles  west  of  Calvinia,  Upper  Dwyka. 

Remarks.  I have  examined  the  type  material  of  this  species  and  contrary  to  Aldinger 
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(1937,  p.  96)  I agree  with  Broom  (1913a,  p.  1)  that  these  specimens  undoubtedly  belong 
to  the  genus  Palaeoniscus.  The  scale  ornamentation  with  its  series  of  obtuse  ridges  is 
very  reminiscent  of  that  condition  seen  in  the  type  species.  Broom  (1913a,  p.  1)  dealing 
with  the  age  of  the  specimens  states  that  they  ‘are  probably  Upper  Dwyka’,  with  which 
view  du  Toit  (1954,  p.  279)  agrees,  although  du  Toit  is  more  specific  and  believes  that 
they  come  from  the  White  Beds  at  the  very  top  of  the  Dwyka.  However,  both  Talbot 
and  Crompton  (private  communication)  believe  it  to  be  somewhat  later  in  age. 

Family  elonichthyidae 
Diagnosis.  See  Aldinger  1937,  pp.  204-5. 

Genus  elonichthys  Giebel  1848 
Diagnosis.  See  Aldinger  1937,  pp.  16-18. 

Type  species.  Elonichthys  germari  Giebel. 

Elonichthys  whaitsi  Broom 

191 3o  Elonichthys  whaitsi  Broom,  p.  2,  pi.  2,  fig.  2. 

1923  Elonichthys  whaitsi  Broom:  Giirich,  p.  32  (name  only). 

1926  Elonichthys  h’/za/Ys/ Broom : Deeke,  p.  Ill  (name  only). 

Diagnosis.  See  Broom  1913a,  p.  2. 

Holotype.  Nearly  complete  fish,  in  the  South  African  Museum,  from  Droogvoets  farm,  Fraserburg 
District,  Lower  Beaufort. 

Remarks.  From  an  examination  of  this  specimen  there  can  be  little  doubt  that  Broom 
(1913a,  p.  2)  has  correctly  assigned  it  to  the  genus  Elonichthys.  The  ornamentation  of 
the  scales  consists  of  ridges  of  enamel  running  transversally,  somewhat  more  pronounced 
than  the  description  given  by  Broom  (1913a,  p.  3)  would  lead  one  to  believe.  The  scales 
are  denticulated  posteriorly  and  the  ornamentation  finishes  as  a series  of  digitations  on 
the  anterior  overlapped  portion.  The  suspensorium  is  oblique  as  in  Elonichthys  serratiis 
Traquair.  Giirich  (1923,  p.  32)  assesses  the  age  as  possibly  Lystrosaunis  Zone,  but 
du  Toit  (1954)  puts  it  in  the  Lower  Beaufort  (Cistecephahis  Zone  or  earlier). 

incertae  sedis 
Acrolepis  addarnsi  Broom 

1907  Acrolepis  sp.  du.  Toit,  p.  139. 

191 3/j  Acrolepis  addarnsi  Broom,  p.  400,  pi.  20. 

1937  Acrolepis  addarnsi  Broom:  Aldinger,  p.  258. 

1954  Acrolepis  sp.  du  Toit,  p.  417  (name  only). 

Diagnosis.  See  Broom  19136,  p.  400. 

Holotype.  South  African  Museum,  from  the  Wesselton  Mine,  Kimberley,  135-feet  level,  approximately 
of  Dwyka  age. 

Remarks.  Broom  ( 19136,  p.  400)  pointed  out  that  this  specimen  was  not  the  same  as  that 
figured  by  Woodward  (1891,  fig.  4)  under  the  name  of  Acrolepis  (?)  digitata:  Aldinger 
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(1937,  p.  258)  is  certain  that  it  is  not  an  Acrolepid,  and  suggests  that  it  is  a member  of 
the  Elonichthyidae.  The  scales  possess  six  or  seven  denticles  on  their  posterior  borders 
and  the  ornamentation  consists  of  a series  of  flat  ridges  which  pass  back  and  anastomose. 
I agree  with  Aldinger  (1937,  p.  258)  as  to  the  relationship  of  this  species  and  would 
suggest  tentatively  its  inclusion  in  the  genus  Elotiichthys. 

Other  recorded  remains  from  the  Dwyka  Series.  The  following  are  included  in  this  paper 
in  order  to  complete  the  list  of  recorded  fish  remains  from  the  Dwyka  series.  They  are 
all  based  on  indeterminable,  fragmentary  remains  and  are  thus  all  of  doubtful  affinities. 

Elonichthys  sp.,  from  the  White  Beds  of  the  Upper  Dwyka  Shales,  Clavina. 

1909  Rogers,  A.  W.,  and  du  Toil,  A.  L.,  p.  193. 

1909  Broom,  R.,  p.  286. 

Elonichthysl,  from  the  Upper  Dwyka  Shales,  Ganikobis. 

1923  Giirich,  G.,  p.  64,  figs.  18,  19. 

1954  du  Toil,  A.  L.,  p.  280  (name  only). 

Rhadinichthys'i , from  the  Upper  Dwyka  Shales,  Ganikobis. 

1923  Giirich,  G.,  p.  63,  fig.  17. 

1954  du  Toil,  A.  L.,  p.  280  (name  only). 

Genus  V,  from  the  Upper  Dwyka  Shales,  Ganikobis. 

1923  Gtirich,  G.,  p.  66. 

DISCUSSION 

The  relationship  of  the  genus  Namaichthys  to  other  palaeoniscoids.  The  genus  Namaieh- 
thys  is  related  to  Elonichthys  Giebel  and  more  distantly  related  to  both  Acrolepis  Agassiz 
and  Watsonichthys  Aldinger. 

Namaichthys  differs  from  Watsonichthys  particularly  in  the  structure  and  ornamenta- 
tion of  the  scales,  in  the  make-up  of  the  opercular  apparatus  and  in  the  shape  of  the 
rostrum.  In  the  genus  Watsonichthys  the  opercular  apparatus  is  characterized  by  the 
presence  of  an  accessory  opercular  (bone  Y of  Traquair  1901,  p.  84)  which  is  absent  in 
the  genus  Namaichthys,  while  the  prominent  rostrum  present  in  Namaichthys  is  not 
found  in  the  genus  Watsonichthys.  Again  the  skull  of  Watsonichthys pectinatus  (Traquair) 
possesses  only  two  suborbital  bones,  but  has  a sclerotic  ring.  This  sclerotic  ring  is  absent 
in  Namaichthys  schroederi  Giirich  and  there  are  four  members  of  the  suborbital  series. 
Further,  there  is  a premaxilla  present  in  the  skull  of  Watsonichthys  which  is  absent  in 
Namaichthys  and  the  preopercular  in  the  latter  is  much  narrower  than  in  Watsonichthys. 
However,  in  the  shape  of  the  body,  in  the  make-up  and  position  of  the  fins,  and  in  the 
dentition  these  two  genera  are  very  much  alike.  In  both,  the  anterior  rays  of  the  pectoral 
fins  are  unarticulated  for  at  least  a third  of  their  length. 

The  differences  between  Namaichthys  and  Acrolepis  are  less  obvious.  If  we  take 
Moy-Thomas’s  (1938,  p.  464)  definition  of  the  genus  Acrolepis  in  which  he  states  that  the 
scales  are  not  denticulated  posteriorly,  then  we  have  a very  neat  separation  in  that  in 
Namaichthys  the  scales  are  always  denticulated  posteriorly  with  four  or  more  large 
serrations.  However,  Woodward  (1891,  p.  509)  in  his  remarks  on  Acrolepis  (?)  digitata 
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{Namaichthys  sculptus)  states  that  ‘the  scales  only  differ  essentially  from  those  of  the 
typical  Acrolepis  in  the  presence  of  posterior  denticles,  a character  usually  only  of 
specific  value’.  I am  in  complete  agreement  with  Woodward’s  (1891,  p.  509)  view  after 
having  examined  the  scales  of  all  the  species  of  EJonichthys,  Acrolepis,  and  Watsonichthys 
represented  in  the  British  Museum  (Nat.  Hist.)  collections.  Within  the  genus  Elonichthys 
alone,  all  the  types  of  scale  ornamentation  which  occur  in  the  genera  Namaichthys, 
Acrolepis  and  Watsonichthys  can  be  found.  In  Elonichthys  robisoni  (Hibbert)  from  the 
Carboniferous  Limestone,  the  scales  are  rhomboidal  and  denticulated  posteriorly.  The 
ornamentation  of  the  scales  consists  of  numerous  fine  ridges  on  the  more  anterior 
members,  but  towards  the  caudal  region  these  striae  or  ridges  tail  off  into  pits,  leaving 
anterior  digitations  on  the  overlapped  position  and  posterior  denticulations.  It  would 
appear  that  primarily  there  was  a very  strong  ornamentation  as  in  Elonichthys  egertoni 
(Egerton)  with  stout  ridges  running  diagonally  across  the  scale.  Later  with  a reduction 
in  the  ornamentation,  the  points  where  these  ridges  ended  on  the  hinder  margin,  because 
of  their  increased  thickness  remained  as  projecting  teeth  or  serrations,  the  areas  between 
the  ends  of  the  ridges  being  resorbed.  Similarly  the  same  process  has  occurred  on  the 
anterior  overlapped  area,  leaving  a series  of  digitations,  the  posterior  teeth  and  the 
anterior  digitations  represent  the  opposite  ends  of  what  were  in  earlier  forms  pronounced 
ridges  of  ornamentation.  In  the  genus  Namaichthys  the  scales  show  exactly  this  state, 
with  very  little  ornamentation,  but  with  stout  teeth  posteriorly  and  with  digitations  on 
the  anterior  overlapped  portion.  Both  the  anterior  digitation  and  the  posterior  denticula- 
tion  on  the  scales  represent  the  remnants  of  what  was  in  earlier  forms  strong  ridges  of 
ornamentation.  The  scales  of  Elonichthys  egertoni  (Egerton)  have  no  denticulations 
posteriorly  or  digitations  anteriorly,  and  apart  from  the  ridges  of  enamel  being  more 
delicate,  approach  that  type  of  ornamentation  seen  in  Acrolepis.  On  the  other  hand, 
Elonichthys  germari  Giebel  has  numerous  fine  ridges  of  ornament  which  end  anteriorly 
just  short  of  the  scale  margin  to  give  a series  of  digitations,  but  posteriorly  the  scale 
margin  is  entire  and  not  denticulated.  In  Elonichthys  serratus  Traquair  the  posterior 
scale  margin  bears  five  or  six  teeth,  the  ornamentation  consists  of  a few  pits  and  grooves 
but  anteriorly  there  are  no  digitations.  Again  in  Elonichthys  semistriatiis  Traquair  the 
hinder  margin  is  entire,  but  there  are  five  or  six  pointed  ridges  ending  on  it,  these  ridges 
tail  out  anteriorly  into  a few  pits  with  no  anterior  digitations.  Thus  it  would  appear  that 
superficial  scale  characters  have  little  value  in  distinguishing  between  the  genera  Elonich- 
thys, Namaichthys,  Watsonichthys,  and  Acrolepis,  and  what  is  more  because  of  the  varia- 
tion in  the  scale  ornamentation  which  can  occur  over  the  length  of  the  body  in  these 
genera,  assignment  of  isolated  scales  to  individual  species  can  be  very  dubious.  How- 
ever, from  the  structure  of  the  skull  alone  the  distinction  between  Namaichthys  and 
Acrolepis  is  quite  apparent.  The  opercular  apparatus  is  far  less  oblique  in  Aerolepis 
(Westoll  in  Aldinger  1937,  fig.  74)  than  in  Namaichthys  and  the  maxilla  is  quite  differently 
shaped  in  the  last  two  genera.  The  prominent  rostrum  seen  in  Namaichthys  is  missing  in 
Acrolepis  and  in  this  respect  Aerolepis  more  closely  approaches  the  genus  Watsonichthys. 
Other  features  include  the  opercular  apparatus,  the  opercular  being  almost  equal  to  the 
subopercular  in  size  in  Acrolepis,  whereas  in  Namaichthys  the  opercular  is  at  least  twice 
as  large  as  the  subopercular.  The  extrascapular  series  is  represented  by  two  pairs  of 
bones  in  Namaichthys  as  against  at  least  four  pairs  in  Acrolepis.  However,  these  two 
genera  resemble  one  another  fairly  closely  in  body  shape,  disposition  and  make-up  of 
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the  fins  and  in  their  dentitions.  In  both  the  anterior  rays  of  the  pectoral  fin  are  un- 
articulated for  the  first  third  of  their  length. 

The  relationship  of  Namaichthys  to  the  genus  Elouichthys  is  closer  than  to  either 
Watsonichthys  or  Acrolepis.  The  body  shape,  structure,  and  ornamentation  of  the  scales, 
dentition  and  the  disposition  of  the  fins  are  similar  in  both  Elonichthys  and  Namaichthys, 
but  the  pectoral  fin  in  Elonichthys  unlike  that  in  Namaichthys  has  all  its  fin  rays  articu- 
lated to  their  bases.  The  general  pattern  of  the  skull  roofing  bones  is  similar  except  for 


TEXT-FIG.  4.  Evolutionary  tree  of  Namaichthys  and  its  relatives. 


the  increased  number  of  infraorbitals  in  the  genus  Elonichthys,  eight  in  Elonichthys 
senatus  Traquair  as  against  two  in  Namaichthys  schroederi.  Other  differences  include  | 
the  number  of  suborbitals,  four  in  Namaichthys  schroederi,  two  in  Eloniehthys  serratus,  ! 
the  preopercular  which  is  much  narrower  in  the  genus  Namaichthys,  and  the  presence  of 
two  pair  of  extrascapulars  in  Namaichthys  instead  of  the  more  usual  single  pair  as  in 
Elonichthys.  In  Namaichthys  the  opercular  apparatus  is  slightly  more  oblique  and  there 
is  a greater  number  of  branchiostegal  rays.  i 

From  this  survey  it  appears  to  me  that  the  genera  Namaichthys  and  Elonichthys  are  || 
fairly  closely  related  and  have  arisen  from  the  same  ancestral  stock  (text-fig.  4).  The  || 
genera  Watsonichthys  and  Acrolepis  are  also  both  closely  related  and  have  come  from 
that  same  ancestral  stock  which  gave  rise  to  Elonichthys  and  Namaichthys,  separating 
off  a little  earlier  in  time  than  did  Namaichthys. 
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A HAPLOLEPID  FISH  FAUNA  IN  THE  EARLY 
PENNSYLVANIAN  OF  NOVA  SCOTIA 

by  DONALD  BAIRD 


Abstract.  A skull  roof  of  the  palaeoniscoid  fish  Haplolepis  {Parahaplolepis)  aff.  anglica  from  the  Lower  Penn- 
sylvanian near  Parrsboro,  Nova  Scotia,  provides  the  earliest  record  of  the  Haplolepidae  and  the  first  from 
Canada.  The  subgenus  ranges  from  middle  Westphalian  A to  late  Westphalian  D.  A small  Gyracanthiis  spine 
confirms  the  survival  of  this  acanthodian  genus  into  Pennsylvanian  time  in  North  America.  The  associated 
fauna  includes  palaeoniscoids,  crossopterygians,  and  fresh-water  arthropods. 

Conflicting  citations  of  haplolepid  type  specimens  from  Linton,  Ohio,  are  pointed  out,  and  overlooked  but 
prior  designations  are  noted. 


The  abundance  of  Carboniferous  fish  material  at  seores  of  localities  along  the  shores 
of  Nova  Scotia  would  hardly  be  guessed  from  a study  of  the  palaeontological  literature, 
although  stratigraphers  have  dutifully  noted  fish  remains  in  many  published  sections. 
The  following  note,  which  describes  a handful  of  specimens  collected  in  a few  minutes 
from  a mere  inch  of  the  miles  of  section  exposed,  gives  some  hint  of  the  scientific  rewards 
which  might  be  expected  from  a comprehensive  study  of  Carboniferous  ichthyology  in 
the  Canadian  Maritime  Provinces. 

These  specimens  were  found  in  steeply  dipping  beds  of  the  upper  Parrsboro  formation 
(Riversdale  group.  Lower  Pennsylvanian)  on  the  west  side  of  Parrsboro  Inlet,  south  of 
the  town  of  Parrsboro,  Cumberland  County,  Nova  Scotia.  The  source  bed,  a fissile 
carbonaceous  shale  rich  in  fresh- water  pelecypods  (colloquially  termed  a ‘clam-coal’), 
crops  out  south  of  the  mouth  of  Whitehall  Creek  and  about  250  yards  north  of  the 
small  point  which  lies  north  of  Pinky’s  Point.  This  collection  was  made  in  collaboration 
with  William  F.  Take,  geologist  for  the  Nova  Scotia  Museum  of  Science,  and  Eldon 
George,  proprietor  of  the  Parrsboro  Rock  and  Mineral  Shop. 

Class  OSTEICHTHYES 
Order  palaeoniscoidea 
Family  haplolepidae 

Haplolepis  {Parahaplolepis)  alf.  anglica  (Traquair) 

Material.  A partial  skull  roof,  Princeton  University  Geological  Museum  17058.  As  the  bone  itself  is 
slightly  damaged,  a high-fidelity  latex  cast  made  from  its  perfect  impression  on  the  counterpart  slab 
was  used  for  study.  For  technique  see  Baird  (1955). 

Description.  To  facilitate  comparisons  the  conventional  bone  terminology  is  followed, 
although  this  usage  implies  no  commitment  on  homologies  with  the  skull  bones  of 
tetrapods. 

The  central  area  of  the  skull  roof,  all  that  is  preserved  in  this  specimen,  forms  an 
isosceles  triangle  bisected  by  the  mid-sagittal  suture;  its  anterior  apex  is  rounded  and  its 
posterior  side  concave.  Length  along  the  midline  is  6-2  mm.  A transverse  suture  which 
passes  diagonally  forward  and  outward  from  the  mid-sagittal  suture  divides  the  frontals 

I Palaeontology,  Vol.  5,  Part  1,  1962,  pp.  22-29.] 
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from  the  dermopterotics.  The  frontals  show  an  anterior  margin  which  is  irregularly 
rounded  rather  than  angularly  ‘shouldered’;  their  lateral  margins  are  slightly  concave 
where  they  would  adjoin  the  now-missing  dermosphenotics.  Just  anterior  to  the  mid- 
length of  the  frontals  lies  the  pineal  macula,  a thinly  ossified  area  0-5  mm.  in  diameter, 
traversed  by  the  interfrontal  suture.  A single  pair  of  posterior  elements,  called  dermo- 
pterotics by  Westoll,  correspond  areally  to  the  parietals  and  dermopterotics  of  more 
primitive  haplolepids.  Their  posterior  margins  are  embayed  to  receive  the  extrascapulars 
and  posttemporals. 

Clearly  marked  pit-line  grooves  occupy  their  customary  positions.  The  anterior  pit 
line  crosses  the  transverse  suture  and,  if  extended,  would  connect  the  centres  of  ossifica- 
tion of  the  frontal  and  dermopterotic.  The  transversely  aligned  middle  pit  line  and  the 
short,  diagonal  posterior  pit  line  are  visible  on  the  left  but  not  the  right  dermopterotic. 
Variability  in  the  expression  of  these  lines  is,  of  course,  common  among  haplolepid 
fishes. 

Surface  sculpture  is  strongly  developed.  On  each  frontal  it  consists  of  tubercles  and 
short  rugae,  with  a conspicuous  set  of  long  rugae  radiating  posteromedially  from  the 
centre  of  ossification.  On  the  dermopterotic  the  posterior  two-thirds  of  the  medial  area 
is  occupied  by  a series  of  long,  sharp  rugae  extending  from  the  centre  of  ossification  to 
the  mid-sagittal  suture.  The  lateral  area  is  covered  with  less  pronounced,  wavy  rugae 
aligned  more  or  less  axially.  Tiny  tubercles  cover  the  postero-lateral  corner. 

Relationships.  Thanks  to  Westoll’s  splendid  monograph  (1944)  on  the  Family  Haplo- 
lepidae,  the  affinities  of  this  fish  are  readily  determined.  Its  broad  skull  roof  and  pineal 
macula  indicate  the  genus  Haplolepis;  the  posterior  embayment,  lack  of  parietals,  and 
slightly  oblique  transverse  suture  place  it  in  the  subgenus  Parahaplolepis.  Within  that 
subgenus  comparisons  must  be  made  with  H.  tiiberculata  (Newberry)  from  the  Upper 
Freeport  coal  of  Linton,  Ohio;  H.  anglica  (Traquair)  from  the  Ash  coal  of  Longton, 
Staffordshire;  and  H.  aff.  anglica  from  the  Low  Main  coal  of  Newsham,  Northumber- 
land. In  outline  and  proportions — relative  narrowness,  rounded  rather  than  shouldered 
anterior  margin,  and  shallow  rather  than  deep  and  angular  posterior  embayment — the 
Nova  Scotia  fish  differs  from  H.  tuberculata  (compare  text-figs.  1 and  3)  but  resembles 
H.  anglica  and  (especially)  H.  aff.  anglica  from  Newsham. 

Comparisons  of  so  variable  a character  as  surface  sculpture  must  be  made  cautiously 
when  the  Parrsboro,  Longton,  and  Newsham  populations  of  Parahaplolepis  are  each 
represented  by  a single  usable  specimen.  As  a check  on  variability  I have  analysed 
twenty-five  skull  roofs  (nine  photographs  plus  sixteen  specimens  at  hand)  of  H.  tuber- 
culata from  Linton,  Ohio ; these  were  preserved  in  a thin  lentil  of  canneloid  shale  about 
an  acre  in  extent,  and  may  reasonably  be  presumed  to  represent  a single  breeding 
population.  A subjective  comparison  of  the  more  distinctive  features  is  summarized  in 
Table  1. 

In  surface  features  the  Parrsboro  skull  roof  shows  none  of  the  tendency  toward  reduc- 
tion of  sculpture  and  loss  of  the  pineal  macula  which  is  seen  in  H.  tuberculata.  Its  sculp- 
ture pattern  differs  from  that  of  H.  anglica  proper  but  resembles  that  of  H.  aff.  anglica 
so  closely  that  their  dissimilarities  fall  well  within  the  range  of  individual  variation.  This 
concordance  of  characters  in  fishes  from  localities  as  widely  separated  (at  least  at  present) 
as  Northumberland  and  Nova  Scotia  suggests  that  these  fishes  represent  a valid  species 
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distinct  from  H.  anglica.  Until  the  populations  are  better  represented,  however,  a new 
specific  name  is  hardly  justified. 

Stratigraphic  distribution  of  Parahaplolepis.  The  foregoing  taxonomic  placement,  based 
on  comparative  morphology,  is  consistent  with  the  relative  geologic  ages  of  the  forms 
compared.  While  its  level  within  the  Parrsboro  formation  has  not  been  determined  with 
precision,  the  skull  roof  described  here  comes  from  the  more  carbonaceous  upper  part 
of  the  formation  which  corresponds  to  Floral  Zone  D of  Dix’s  subdivision  of  the  British 
Upper  Carboniferous  ( Moore  et  al.  1944).  The  palaeobotanical  evidence  for  this  correla- 
tion (Bell  1944)  is  supported  by  the  association  of  the  Parrsboro  Parahaplolepis  with 
Anthraconaia  [Anthracomya]  modiolaris,  a fresh-water  pelecypod  which  in  England 
characterizes  a zone  equivalent  to  Floral  Zone  D (Trueman  1954,  p.  73),  and  the  mysi- 
dacean  arthropod  Anthrapalaemoii  dubiwn  which  also  occurs  in  the  lower  and  middle 
Westphalian  A zone  of  Europe  (Copeland  1957,  p.  9). 

The  oldest  haplolepid-bearing  bed  previously  known  is  the  cannel  associated  with  the 
Low  Main  coal  of  Newsham,  Northumberland,  in  which  two  specimens  of  H.  aff. 
anglica  were  found.  This  coal  seam  lies  at  the  base  of  the  zone  of  Anthracosia  similis 
and  Anthraconaia  pidchra  (called  the  Similis-Pulchra  Zone),  corresponding  to  the  base 
of  Floral  Zone  E (Trueman  1954,  pp.  73,  306).  Younger  still  is  the  Ash  (or  Rowhurst) 
coal  of  Staffordshire,  from  the  roof-shale  of  which  came  the  type  specimen  of  H.  anglica. 
This  seam  lies  above  the  middle  of  the  Similis-Pulchra  Zone,  i.e.  at  about  the  base  of 
Floral  Zone  F (ibid.,  pp.  73,  229).  Parahaplolepis  is  unreported  from  the  rest  of  Zone  F 
and  Zone  G.  Correlative  with  lower  Zone  H is  the  Francis  Creek  shale  of  Mazon  Creek, 
Illinois,  in  which  a tuberculata-WkQ  species  occurs.  H.  tuberculata  proper  is  common  in 
the  basal  cannel  of  the  Upper  Freeport  coal  which  lies  close  to  the  boundary  between 
Floral  Zones  H and  I (Moore  et  al.  1944). 

In  terms  of  the  continental  European  subdivision  the  stratigraphic  distribution  of 
Haplolepis  {Parahaplolepis)  may  be  stated  thus : 

Late  Westphalian  D H.  tuberculata  (Linton,  Ohio) 

Early  Westphalian  D H.  cf.  tuberculata  (Mazon  Creek,  Illinois) 

Earliest  Westphalian  C H.  anglica  (Longton,  Staffordshire) 

Late  Westphalian  B H.  aff.  anglica  (Newsham,  Northumberland) 

Middle  Westphalian  A H.  aff.  anglica  (Parrsboro,  Nova  Scotia) 

The  Parrsboro  specimen  is  thus  the  oldest-known  haplolepid  fish  as  well  as  the  first  to 
be  found  in  Canada. 

Class  ACANTHODII 
Family  gyracanthidae 
Gyracanthus  sp. 

Material.  A small  fin-spine,  PU  17059.  This  specimen  is  noteworthy  in  being  the  first  unequivocal 
record  of  Gyracanthus  in  the  Upper  Carboniferous  of  North  America.  A smalt  spine  from  the  Joggins 
formation  of  the  South  Joggins,  Cumberland  County,  Nova  Scotia,  was  described  by  Dawson  (1868, 
p.  210)  as  Gyracanthus  duplicatus.  Dawson’s  woodcut  illustration  is  so  generalized,  however,  that  the 
generic  assignment  of  his  specimen  has  been  questioned  by  Newberry  (1889,  p.  124).  Until  the  type 
material  of  G.  duplicatus  at  the  Peter  Redpath  Museum  in  Montreal  can  be  restudied,  valid  comparisons 
cannot  be  made;  but  the  Parrsboro  find  makes  plausible  Dawson’s  identification  of  the  Joggins  speci- 
men. As  one  comes  from  Floral  Zone  D and  the  other  from  Zone  E,  the  stratigraphic  interval  between 
them  is  not  large. 
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Description.  The  Parrsboro  spine  is  nearly  complete,  lacking  the  proximal  end  and  part 
of  the  point,  and  lies  dorso-ventrally  compressed  in  the  shale.  Its  length  as  preserved  is 
58  mm.  From  an  acute  tip  it  widens  to  a maximum  of  10-3  mm.,  forming  a point  27  mm. 
long,  then  narrows  gradually  to  a width  of  7 mm.  at  the  proximal  fracture.  Some  thirty 
oblique  ridges  are  preserved,  spaced  at  about  1 mm.  intervals,  and  sharply  dentieulated 
except  toward  the  tip  where  pre-mortem  abrasion  has  smoothed  their  crests.  The  more 
proximal  of  these  ridges  meet  the  anterior  margin  at  an  angle  of  about  40° ; distally  the 


TEXT-FIG.  1.  Haplolepis  (Paraliaplolepis)  aff.  anglica  (Traquair),  central  area  of  skull  roof,  x7-5. 

PU  17058.  For  orientation  compare  with  text-fig.  3. 

TEXT-FIG.  2.  Gyracanthus  spine,  xl.  PU  17059.  Camera  obscura  drawings. 

ridges  make  a more  acute  angle,  but  irregularities  and  damage  prevent  an  exact  measure- 
ment. Posterior  bifurcations  and  intercalations  of  the  ridges  occur  at  the  widest  part  of 
the  spine.  The  ridgeless  posterior  area  of  the  spine  (the  part  which  was  inserted  in  the 
soft  tissues  of  the  fin  and  body)  is  not  restricted  to  the  proximal  end  but  extends  past  the 
zone  of  maximum  width  and  onto  the  point.  In  this  respect  the  Parrsboro  spine  resembles 
Gyracanthus  alleni  Newberry  (1873;  type  specimen  AMNH  403),  found  in  the  Lower 
Mississippian  of  Ohio.  The  similarity,  however,  is  not  necessarily  of  taxonomic  signifi- 
cance and  may  mean  only  that  the  two  spines  occupied  similar  positions  in  the  gyracanth 
armament. 

Until  all  the  nominal  species  of  Gyracanthus  have  been  systematically  restudied — a 
chore  beyond  the  scope  of  this  paper — there  is  little  point  in  assigning  a specific  name 
to  the  Parrsboro  specimen.  This  find  establishes  beyond  question  the  survival  of  Gyra- 
canthus into  early  Peimsylvanian  time  in  North  America,  and  serves  to  emphasize  the 
paradoxical  rarity  on  this  continent  of  a genus  which  is  relatively  common  in  the 
Pennsylvanian  of  Great  Britain. 


ASSOCIATED  FAUNA 

The  source  bed  contains  the  following  invertebrates,  listed  in  order  of  decreasing 
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abundance:  Anthraconaia  [Anthracomya]  modiolaris,  ostracods,  Spirorbis,  Authrapalae- 
mon  dubiimi  (PU  84738),  and  a single  specimen  of  Palaeocahs  (PU  84739).  On  the  latter 
specimen  Murray  J.  Copeland  of  the  Geological  Survey  of  Canada  reports  as  follows: 

‘The  arthropod  submitted  is  an  anaspidacean  apparently  of  the  genus  Palaeocaris.  Unfortunately 
the  specimen  is  relatively  poorly  preserved  and  does  not  permit  specific  identification.  Its  size  might 
indicate  it  to  be  an  immature  specimen  but  this  may  also  be  a specific  characteristic  which  might,  if 
better  preserved  specimens  were  obtained,  serve  to  further  differentiate  it  from  the  Horton  P.  iiova- 
scoticus  and  the  Pictou  Palaeocaris  sp.  To  my  knowledge  this,  together  with  a questionable  specimen 
of  P.  typiis?  from  your  Locality  B-13  ...  is  the  first  known  occurrence  within  rocks  of  the  Riversdale 
group  of  specimens  of  this  genus.’ 

[The  Palaeocaris  from  MCZ  Locality  B-13,  collected  for  Harvard  in  1956,  comes  from  a bituminous 
layer  behind  the  breakwater  cuesta  of  sandstone  on  the  headland  between  Diligent  and  Ramshead 
Rivers,  Cumberland  County,  Nova  Scotia.  This  is  Geological  Survey  of  Canada  Locality  25627,  listed 
by  Copeland  (1957,  p.  17).] 

Dissociated  fish  remains  include  rhombic  scales  of  the  osteolepid  crossopterygian 
MegalicJitJiys;  oval  scales  of  a rhizodontid  crossopterygian,  apparently  Strepsodus 
dawsoui  Hay  (PU  17150);  and  palaeoniscoid  mandibles  and  a maxilla  (PU  17149).  The 
latter  appear  to  fall  within  the  range  of  variation  of  the  genus  Elonichthys  and  resemble, 
for  example,  those  of  E.  egertoni  from  the  Deep  Mine  ironstone  shale  of  Longton, 
Staffordshire.  Some  years  ago  Eldon  George  collected  from  the  same  layer  an  articulated 
fish  about  9 inches  long,  but  the  identity  and  whereabouts  of  this  specimen  are  unknown. 

The  known  range  of  the  Westphalian  coal-swamp  fauna  which  is  characterized  by 
haplolepid  fishes  has  been  extended  several  million  years  by  the  Parrsboro  find.  Since 
the  first  demonstration  of  this  facies-fauna  by  Westoll  in  1944,  our  knowledge  of  it  has 
increased  through  new  discoveries  and  extensive  stratigraphic  and  taxonomic  revisions, 
in  large  part  unpublished.  Lest  the  tail  wag  the  dog,  therefore,  further  discussion  of  the 
Parrsboro  fauna  is  reserved  for  a future  paper  on  the  development  of  the  haplolepid 
chronofauna. 

NOTE  ON  HAPLOLEPID  TYPE  SPECIMENS  FROM  LINTON,  OHIO 

Westoll’s  (1944)  monograph  on  the  Haplolepidae  cites  specimens  in  the  American 
Museum  of  Natural  History  as  types  or  figured  specimens  of  most  of  the  nominal 
species  described  by  J.  S.  Newberry.  Specimen  labels  and  comparisons  with  Newberry’s 
figures  justified  these  citations,  especially  as  the  specimens  had  come  from  Newberry’s 
collection  at  the  Columbia  College  School  of  Mines.  But  Newberry,  either  when  director 
of  the  Geological  Survey  of  Ohio  or  later  when  a professor  at  Columbia,  had  sent  suites 
of  Linton  fossils  to  several  institutions ; and  several  specimens  labelled  ‘Type’  were  so 
distributed.  The  Geological  Survey  collection  at  Ohio  State  University  includes  five 
haplolepids  labelled  as  holotypes  of  Newberry’s  species:  Eurylepis  cornigatm  (OSU 
4478),  E.  inscidptus  (OSU  4514),  E.  lineatiis  (OSU  4565),  E.  ovoideiis  (OSU  4563),  and 
E.  striolatus  (OSU  4508).  These  are  cited  as  types  in  Morningstar’s  (1924)  catalogue, 
a publication  which  Westoll  overlooked. 

One  example  of  confusion  in  the  identification  of  type  specimens  is  the  case  of  Eiiry- 
lepis  inscidptus  Newberry,  a nominal  species  which  Westoll  has  quite  validly  reduced  to 
synonymy  with  Haplolepis  tuberculata.  At  least  three  individual  fishes — OSU  4514, 
AMNH  448-G,  and  PU  1767 — bear  labels  inscribed  in  Newberry’s  hand:  ‘Eurylepis 
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insculptus  N.  Type.’  None  of  them  is  the  speeimen  figured  under  that  name  by  New- 
berry (1873,  pi.  39,  fig.  2).  Although  Westoll  (1944,  p.  32)  eites  AMNH  448-G  as  the 
type  of  E.  insculptus,  Morningstar’s  designation  of  OSU  4514  takes  precedence.  No 
problem  of  taxonomy  arises  in  this  case  of  multiple  ‘types’,  since  the  three  specimens 
(which  I have  examined)  all  represent  Haplolepis  tubercuJata. 


Pyritocephahis  lineatus  H.  {H.)  coniigata  H.  (P.)  tiiberciilata  H.  (PI.)  ovoidea 

TEXT-FIG.  3.  Restored  skulls  of  Haplolepidae  from  Linton,  Ohio,  drawn  to  common  scale  (from 

Westoll). 


The  possibility  of  rival  type  specimens  for  Newberry’s  other  species  should  not 
be  overlooked.  In  some  cases  the  explanation  may  be  that  part  and  counterpart  slabs 
of  a skeleton  may  be  housed  in  two  museums.  In  this  fashion,  for  example,  Princeton 
and  the  American  Museum  share  Newberry’s  type  specimen  of  the  Linton  amphibian 
Ctenerpeton  remex  (Cope).  In  cases  where  the  rival  specimens  are  not  counterparts,  type 
designations  by  Morningstar  (1924)  must  be  accepted  unless  there  is  evidence  to  the 
contrary. 

The  following  brief  key  and  diagrams  (text-fig.  3)  will  facilitate  the  identification  of 
haplolepids  from  Linton; 


A.  Anterior  lateral  line  scales  with  smooth  posterior  margin 

B.  Anterior  lateral  line  scales  with  serrate  posterior  margin 

1 . Lateral  line  scale  width  = | scale  height 

2.  Lateral  line  scale  width  = J scale  height 

a.  Body  long,  dorsal  fin  opposite  anal 

b.  Body  short,  dorsal  fin  anterior  to  anal 


Pyritocephalus 
Haplolepis 
corrugata  [rare] 
\ tuberculata 
\ ovoidea 
tuberculata 
ovoidea 


The  material  described  above  was  collected  in  the  course  of  exploration  sponsored  jointly  by  the 
Nova  Scotia  Museum  of  Science  and  Princeton  University,  an  extension  of  previous  exploration  by 
parties  from  the  Museum  of  Comparative  Zoology  at  Harvard  College  under  the  direction  of  Alfred  S. 
Romer.  Special  thanks  are  due  to  my  colleagues  at  the  Nova  Scotia  Museum  of  Science,  Curator  of 
Geology  William  F.  Take  and  Director  D.  K.  Crowdis.  We  are  particularly  indebted  to  Eldon 
George,  proprietor  of  the  Parrsboro  Rock  and  Mineral  Shop,  on  whose  property  and  with  whose  help 
the  collection  was  made.  Identifications  of  the  invertebrates  were  made  by  Murray  J.  Copeland  of  the 
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Geological  Survey  of  Canada,  whose  familiarity  with  Acadian  Carboniferous  stratigraphy  has  greatly 
aided  our  research.  I am  especially  grateful  to  Bobb  Schaefler  for  access  to  comparative  collections  at 
the  American  Museum  of  Natural  History  and  for  his  critical  reading  of  the  manuscript.  Mildred  F. 
Marple,  John  J.  Stephens,  and  J.  E.  Carman  hospitably  made  available  the  collections  at  Ohio  State 
University.  Frank  N.  Goto  prepared  the  Gyracant/ws  spine.  Field  work  was  financed  in  1956  by  a 
National  Science  Foundation  grant  to  Harvard,  and  in  1959  by  the  William  Berryman  Scott  Research 
Fund  of  Princeton  University. 

addendum:  HAPLOLEPIS  in  the  JOGGINS  FORMATION 

While  this  paper  was  in  press  a second  Nova  Scotian  specimen  of  Haplolepis  was 
identified.  This  fish,  Museum  of  Comparative  Zoology,  No.  8867,  was  collected  in  1956 
by  Murray  J.  Copeland  and  the  author.  Its  source  is  the  calcareous,  carbonaceous  shale 
roof  of  the  Forty  Brine  coal  seam  which  crops  out  in  the  sea-cliff  north  of  the  wharf  at 
Joggins,  Cumberland  County.  This  horizon  lies  about  340  feet  below  that  of  the  famous, 
amphibian-bearing  upright  trees;  both  are  included  in  the  Joggins  formation  of  the 
Cumberland  group  and  are  dated  as  early  Westphalian  B.  According  to  Copeland 
(letter,  1961)  the  Forty  Brine  seam  is  presumably  the  same  as  coal  group  24  of  Logan’s 
stratigraphic  section;  the  amphibian-bearing  trees  occur  between  coal  groups  14  and 
15  which  unite  farther  to  the  east  to  form  the  Kimberly  seam. 

The  fish,  unfortunately  headless,  is  somewhat  macerated  and  compressed  so  that  the 
fins  cannot  be  made  out;  the  calcareous  matrix  does  not  permit  the  fractured  bones  and 
scales  to  be  removed  by  etching.  Such  diagnostic  parts  as  are  visible — the  cleithra  and 
the  antero-lateral  scales — appear  nearly  identical  to  those  of  Haplolepis  (H.)  corrugata 
(Newberry)  from  Linton,  Ohio,  as  illustrated  by  Westoll  (1944,  figs.  106,  \\a).  Until 
better  material  is  available  this  fish  may  be  designated  Haplolepis  cf.  corrugata. 

If  correctly  identified,  the  Joggins  specimen  represents  the  earliest  known  appearance 
of  the  subgenus  Haplolepis.  The  oldest  previous  record  was  that  of  H.  (H.)  attheyi 
Westoll  from  the  Low  Main  seam  of  Newsham,  Northumberland,  which  is  late  West- 
phalian B in  age. 
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THE  CUTICLE  OF  SOME  MIDDLE  SILURIAN 
CERATIOCARIDID  CRUSTACEA  FROM  SCOTLAND 

by  W.  D.  I.  ROLFE 


Abstract.  Well-preserved  specimens  of  the  Scottish  Valentian  phyllocarid  Ceratiocaris  papilio  Salter  and  a 
giant  form  almost  2 feet  long  have  been  collected  from  concretions  in  the  Ree  Bum  Formation  of  the  Hagshaw 
Hills  inlier.  The  cuticle  of  the  crustaceans  is  preserved  in  collophane,  partially  replaced  by  calcite.  Moniliform 
? pore  canals,  laminae,  Balkenlagen,  and  prisms  can  be  recognized  in  preparations  of  this  exoskeletal  cuticle,  but 
no  major  stratifications  are  preserved.  Tubules  attributable  to  aquatic  thallophyte  perforants  penetrate  the 
cuticle,  and  other  microstructures  of  doubtful  origin  are  described.  Reference  is  made  to  other  fossil  arthropod 
cuticles  and  reinterpretation  of  some  of  the  described  microstructures  is  attempted. 

Giant  specimens  of  the  pod-shrimp  Ceratiocaris  approaching  2 feet  in  length  have 
been  collected  from  concretions  in  the  marine  Ree  Burn  Formation  of  the  Hagshaw 
Hills,  suggested  to  be  of  uppermost  Valentian  age  (Rolfe  1960, 1962).  Smaller  individuals 
associated  with  the  giant  forms  may  be  ascribed  to  C.  papilio  Salter  1859.  A statistical 
study  of  museum  colleetions  of  topotype  Lesmahagow  material  shows  that  C.  papilio  is 
indistinguishable  from  C.  stygia  Salter  1 860.  These  species  were  artificially  restricted  to 
medium-sized  forms  by  Jones  and  Woodward  (1888,  p.  43),  but  giant  forms,  comparable 
with  those  from  the  Hagshaw  Hills,  and  smaller  ‘species’  such  as  C.  laxa  Jones  and 
Woodward  1886,  also  occur  at  Lesmahagow.  It  seems  probable  that  these  forms  are 
instars  or  moult  stages  of  the  single  species  C.  papilio,  and  ontogenetic  variation  in 
shape  and  ornamentation  is  to  be  expected  (Kesling  1954).  I hope  to  describe  the  giant 
Hagshaw  specimens  after  further  study  of  the  more  abundant  Lesmahagow  material. 

The  terminology  used  for  the  microanatomy  is  that  of  Richards  (1951,  1958)  and 
wherever  possible  reference  is  made  to  his  1951  review,  rather  than  to  original  authori- 
ties, unless  this  is  essential.  Mean  values  of  measurements  are  followed  by  the  standard 
error  of  the  mean,  with  the  number  of  observations  in  parentheses. 

All  preparations  and  most  of  the  specimens  are  in  the  Geology  Department,  Birming- 
ham University. 

Occurrence.  A large-scale  map  showing  the  location  of  individual  specimens  collected 
for  this  study  is  given  in  the  writer’s  Ph.D.  thesis  at  the  University  of  Birmingham  (1960, 
fig.  15). 

The  only  non-crustacean  fossils  found  in  the  concretions  were  rare  orthocone  frag- 
ments, ? plant  fragments  (concretions  20,  21,  22),  syngenetic  pyrite  organisms,  and 
thelodont  denticles  (33).  Such  an  ‘exclusive’  fauna  may  be  deceptive,  however,  and 
Giirich  (1929,  p.  32)  and  others  (Matern  1931,  p.  164;  Brooks  1957,  p.  896)  have  ex- 
plained how  concentrations  of  arthropod  material  can  arise  at  the  expense  of  other 
elements  of  a fauna  by  selective  dissolution.  It  must  also  be  remembered  that  ‘probably 
the  majority  of  fossil  arthropods  are  represented  by  empty  sloughs’  (Stormer  1944,  p.  21). 

The  concretions  lie  parallel  to  the  bedding  and  several  may  occur  on  the  same  bedding- 
plane.  Individual  crustaceans  may  be  preserved  in  adjacent  concretions.  Thus  30q  con- 
sists of  one  concretion  preserving  the  anterior  regions  of  the  erustacean  and  a second 
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containing  the  posterior.  In  only  one  concretion  have  fragments  attributable  to  two 
individuals  been  found,  one  far  smaller  than  the  other  (12a  and  12). 

Caleite,  iron  pyrites,  quartz,  barytes,  galena,  and  zine  blende  oeeur  in  septarian  veins 
in  the  coneretions.  Pyrite  commonly  invests  individual  fossils  and  may  also  intrude  the 
thiekness  of  the  cutiele,  or  form  euhedral  eubes.  Plate  8,  fig.  3 and  text-fig.  1 show  pyrite 
(black)  concentrated  in  the  area  of  the  dextral  mandible  from  specimen  5.  Caleite  (white 
on  the  figure)  replaees  the  cuticle  but  also  infills  what  must  have  been  eavities  trapped  in 


PRESERVATION 

Description  of  replacement  of  the  cutiele  is  given  in  the  section  on  primary  micro- 
structures below. 

Transfer  replication.  One  feature  of  the  preservation  of  the  fossils  caused  mueh  confu- 
sion in  the  early  stages  of  the  work.  At  first  sight  what  appeared  to  be  four  identical 


the  remains  of  the  crustacean.  There  have  been  several  periods  of  caleite  diagenesis  and 
it  is  impossible  to  deeipher  whether  or  not  the  pyrite  antedates  the  caleite.  Certainly, 
some  of  the  caleite- veining  fissures  earlier  pyrite  (e.g.  right-hand  edge  of  text-fig.  1). 
Goeht  and  Goerlich  have  recently  described  syngenetic  caleite  and  pyrite  infilling 
ostracod  tests  (1958,  p.  207).  Quartz  veinlets  cut  into  a spiral  caleite  vein  in  concretion  35 
and  follow  its  Blastetrix  (Sander,  see  Ramberg  1952,  p.  123)  for  a short  distanee,  show- 
ing that  the  former  postdates  the  latter. 


TEXT-FIG.  1.  Camera  lucida  drawing  of  thin  section  through  teeth  on  dextral  mandible  of  specimen  5. 
Stippling  indicates  collophane  of  the  mandible  bored  by  vermiform  tubules  (vt.).  Caleite  of  the 
‘pseudo-enamel’  and  matrix  is  left  unshaded,  iron  pyrites — black  and  siltstone  by  the  close  ruling  (see 
also  Plate  8,  fig.  3;  compare  with  Harley  1861,  pi.  17,  figs.  Mb,  12i?). 
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impressions  of,  for  example,  the  two  slightly  displaced  valves  of  the  carapace  could  be 
exposed  by  digging  down  through  the  concretion.  The  course  of  events  leading  to  this 
appearance  is,  however,  quite  straightforward  and  is  explained  by  text-fig.  2 which  shows 
the  history  of  fossilization  of  the  two  valves  of  an  individual  or  exuvia. 


TEXT-FIG.  2.  Diagram  illustrating  process  of  transfer  replication,  based  on  specimen  29K.  a before 
and  B after  the  process.  For  explanation  see  text. 


The  valves,  which  are  slightly  displaced  before  burial,  are  flattened  by  compaction 
before  final  concretion,  and  two  moulds  are  formed.  These  moulds  then  split  apart,  each 
one  being  clogged  by  filmy  debris  of  the  original  test.  Text-fig.  2a  i-ii  shows  a concretion 
split  open  at  this  stage,  and  a iii  a section  of  the  unopened  concretion  taken  along  the 
plane  x-y.  This  is  diagrammatic  and  no  attempt  has  been  made  to  show  splitting  and 
transference  of  the  carapace  test,  as  this  is  better  shown  by  the  style  fragment  in  the 
diagrams.  The  stipple  represents  the  thin  films  of  collophane  left  in  the  moulds;  the 
solid  black  the  thicker  cuticle  of  the  style.  As  a cause  or  effect  of  the  separation  of 
the  two  moulds  referred  to  above,  a lenticular  calcite  vein  fills  in  the  gap  between  them. 
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and  replicates  or  casts  them  on  its  surfaces,  transferring  some  of  the  debris  from  the 
moulds  at  the  same  time.  This  calcite  septum  bearing  an  upper  and  lower  impression 
can  thus  be  referred  to  as  the  transfer  replica.  It  may  be  relatively  thick:  in  specimen 
29k,  on  which  text-fig.  2 is  based,  it  is  7 mm.  thick  at  the  centre  of  the  concretion. 
Text-fig.  2b  i,  ii,  iv,  is  an  exploded  view  of  the  concretion  at  this  replication  stage,  and 
B iv  shows  the  transfer  replica  hinged  open  along  one  edge  of  the  Blastetrix.  The  letters 
a,  b,  c serve  to  locate  the  feather  edge  of  the  transfer  replica  in  its  position  sandwiched 
inside  the  concretion.  Text-fig.  2b  iii  is  a section  of  the  unopened  concretion  taken  along 
a similar  plane  to  that  of  A iii. 

Composition.  The  test  is  preserved  in  a dark  brown  to  black  material.  Sometimes  a thin 
film  of  bluish-white  vivianite  encrusts  the  surface  of  this  test.  In  thin  section  the  material 
varies  from  dark  brown  when  thick,  through  amber  to  colourless  when  thin  (1-2  p).  It  is 
isotropic  but  locally  slightly  anisotropic.  These  distinetive  properties  suggested  the 
mineraloid  collophane.  With  the  aid  of  Dr.  C.  C.  F.  Blake  of  the  Chemistry  Department, 
Birmingham  University,  X-ray  powder  photographs  were  prepared  of  the  material. 

Samples  were  separated  under  a binocular  microscope  from  the  mechanically  exposed, 
transverse-sectioned  style  of  specimen  30q.  The  cut  and  polished  surface,  from  which 
the  samples  were  dug,  had  been  further  prepared  by  etching  with  a 0-5  molar  triammo- 
nium citrate  solution.  Calcite  is  47  times  more  soluble  than  apatite  in  this  solvent  and 
hence  the  collophane  crust  forming  the  style  was  left  standing  up  as  a thin  wall  after 
several  weeks’  etching.  The  acetic  acid  technique  used  for  maeerating  the  cuticles  would 
probably  have  been  more  satisfactory  for  this  purpose  as  it  is  faster  acting.  This  wall 
was  then  broken  off  with  fine  needles  and  formed  sample  1 ; sample  2 was  dug  from  the 
infilled  core  of  the  style  and  was  thought  to  be  largely  caleite.  Both  samples,  each 
amounting  to  no  more  than  a few  milligrammes,  were  pulverized  and  sealed  in  Linde- 
mann  borax  glass  tubes.  Powder  photographs  were  then  taken  of  both  samples  using  a 
19-em.  Debye-Scherrer  camera  and  are  shown  in  Plate  8,  fig.  5.  Table  1 shows  the  inter- 
planar  spacings  and  intensities  measured  from  these  photographs.  Comparison  with  the 
A.S.T.M.  index,  combined  with  optical  data  from  thin  sections,  shows  that  collophane, 
caleite,  quartz,  pyrite,  and  dolomite  are  present  in  sample  1,  but  only  calcite  and  dolo- 
mite in  sample  2. 

The  collophane  lines  compare  closely  with  those  of  hydroxyapatite,  and  the  X-ray 
photograph  can  be  compared  with  that  illustrated  by  Thewlis,  Gloek,  and  Murray 
(1939,  fig.  \b)  prepared  from  a pure  synthetic  sample.  Collophane  is  ‘a  generic  name  for 
the  massive,  cryptocrystalline  (or  microamorphous)  form  of  apatite  ...  it  commonly  is 
a carbonation,  intermediate  member  of  the  hydroxylapatite-fluorapatite  series’  (Dana 
1951,  p.  885)  or  metacolloidal  apatite  (Frondel  1943,  p.  220).  The  absence  of  fluorapatite 
lines  from  the  photographs  is  noteworthy;  even  in  F-poor  environments  diadochic  re- 
placement of  the  OH  ions  by  F takes  place,  especially  under  marine  conditions  (Gold- 
schmidt 1954,  pp.  455,  460;  Beevers  and  McIntyre  1946).  Carbonate-  and  hydroxy- 
forms  of  apatite  cannot  be  distinguished  using  X-ray  methods,  however  (Geiger  1950, 
pp.  166-7). 

Two  Campbell-van  Wisselingh  tests  for  chitosan  (Richards  1951,  pp.  32-36)  were 
carried  out  on  fragments  of  euticle  recovered  from  the  maceration  of  style  30.3.  Integu- 
ment from  an  abdominal  sternite  of  Periplaneta  americana  used  as  a control  gave  good 
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positive  reactions  but  nothing  was  obtained  from  the  fossil  material.  This  method  has 
been  used  successfully  on  graptolites  by  Kraft,  who  noticed,  however,  that  some  speci- 
mens of  cuticle  had  lost  their  ability  to  react  to  the  test  (1923,  p.  288  and  Richards 
1951,  p.  34). 

Macerated  fragments  were  found  by  crushing  to  be  very  brittle,  and  readily  dis- 
integrated to  a fine  powder.  Sohn  has  shown  that  the  residues  of  decalcified  fossil 
ostracods  containing  appreciable  amounts  of  original  organic  material  are  flexible. 
Nonflexible  residues,  such  as  those  obtained  from  the  present  material,  contain  little 
or  none  of  the  organic  framework  (Sohn  1958,  pp.  733-4). 

It  is  impossible  to  know  if  the  collophane  of  the  fossil  material  was  of  primary  or 
secondary  origin.  The  calcification  of  modern  arthropod  cuticles  is  in  the  form  of  calcite 
and  vaterite  (Richards  1951,  p.  101).  Unfortunately,  the  amorphous  CaCOg-CagPOi 
calcification  does  not  seem  to  have  been  investigated  mineralogically,  although  such 
compounds  occur  in  many  cuticles  (Richards  1951,  table  7,  p.  101).  Perez  has  noted  the 
presence  of  crystalline  apatite  along  the  articulation  lines  of  the  telson  in  Galathea  (in 
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Prenant  1927,  p.  836).  Prenant,  however,  has  shown  that  the  amorphism  is  proportional 
to  the  P2O5  content;  when  the  P2O5/CO2  ratio  exceeds  0-105,  the  crystallization  will  be 
amorphous  (1927,  p.  833).  The  mineraloid  would  presumably  be  co-precipitated  as  a 
carbonate-apatite  and  possess  properties  similar  to  those  of  collophane.  Cayeux  men- 
tions that  cuticles  of  modern  Crustacea  may  show  the  polarization  colours  of  apatite, 
and  sometimes  be  isotropic  (1916,  pp.  445-6),  and  Needham  states  that  the  ‘basic 
phosphate  of  crustacean  skeletons  is  probably  hydroxyapatite’  (1954,  p.  186).  On  the 
other  hand,  secondary  phosphatization  may  occur  quite  rapidly,  especially  at  increased 
depth  and  low  pH  (Goldberg  and  Parker  1960).  Such  conditions  seem  likely  from  the 
scanty  lithological  evidence. 

The  calcite  replacement  of  the  collophane  probably  took  place  soon  after  entomb- 
ment. Thus  Etheridge  and  McCulloch  describe  dolomite-replaced  cuticles  in  subrecent 
decapods  from  nodules  (1916,  pp.  3-4).  Rogers  has  described  similar  replacement  of 
collophane  by  calcite  in  fossil  bone  (1924,  pp.  549-50). 

TECHNIQUES 

Three  techniques  were  used  to  prepare  materials  for  microscopic  examination: 
maceration,  thin  sectioning,  and  peeling. 

Maceration.  The  sandwich-filling  replacement  of  the  collophane  cuticle  by  calcite  de- 
scribed below  enables  the  cuticle  to  be  broken  down  easily  by  acid  treatment,  especially 
if  the  fossil  has  been  transfer  replicated.  The  intracuticular  calcite  occurs  at  one  or  more 
levels  in  the  cuticle  (i.e.  the  sandwich  is  multiple)  and  can  be  etched  out  using  30  per 
cent,  acetic  acid.  In  practice,  preparation  of  the  specimens  for  study  resulted  in  un- 
avoidable flaking  away  of  the  test.  These  fragments  were  then  etched  overnight  in  the 
acid,  washed,  dried,  and  mounted  in  Marco  or  Ceemar  resin.  The  resin  has  several  ad- 
vantages over  normal  mountants,  as  Wills  has  described  (1959,  p.  265).  A number  of 
slides  were  made  from  each  etching  and  labelled;  thus  30.3z  3 indicates  the  third  slide 
made  from  maceration  of  fragments  of  the  z segment  of  specimen  30.3. 

If  the  fragments  were  sufficiently  large  they  were  mounted  in  Marco  resin  blocks  and 
etched  with  acetic  acid  using  the  transfer  method  (Toombs  and  Rixon  1950,  pp.  105-7 ; 
Wills  1959,  pp.  263-5).  Replicated  fragments  of  cuticle  were  etched  in  this  way  and  so 
the  final  preparation  is  a double  transfer  of  the  original  cuticle,  from  original  via  re- 
placement to  surface  of  infilling  calcite  septum;  and  subsequently  by  etching  from  this 
surface  on  to  the  Marco  resin  block. 

Thin  sections.  These  were  prepared  in  the  normal  way,  but  had  to  be  taken  to  about 
one-sixth  of  the  thiekness  of  the  normal  petrological  slide  (to  about  5 ft)  if  they  were  to 
give  any  detail  in  the  microstruetures.  Sections  are  labelled  by  the  same  convention  as 
the  macerations  but  distinguished  by  an  asterisk. 

Peeling.  Surfaces  were  peeled  in  the  usual  way  (Kesling  1957,  pp.  28-31)  using  Durofix 
in  acetone  as  the  peel  solution. 

Comparison  of  methods:  Thin-sectioning  wastes  valuable  material:  the  minimum  slice 
practicable  with  a thin  6-in.  diameter  diamond  saw  is  almost  5 mm.  wide,  two  saw  cuts 
are  1-3  mm.  wide,  and  the  thickness  of  the  slice  1 -4-2-1  mm.  Also,  grinding  the  sections 
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sufficiently  thin  demands  skilled  technique;  sections  only  15 /a  thick  will  not  show 
details  of  the  canals. 

Macerations  yield  fragments  down  to  1 /n  thick  and  even  less.  These  result  from  the 
following:  the  calcite  supporting  a feather  edge  of  the  unreplaced  cellophane  may  be 
etched  away;  individual  laminae  may  split  off,  or,  when  they  have  been  replaced  by 
calcite,  they  may  be  etched  out,  leaving  collophane  laminae  behind.  The  main  dis- 
advantage of  this  technique  is  the  small  size  of  the  fragments  it  yields  and  the  consequent 
difficulty  of  relating  finer  structures  to  the  overall  structure  of  the  cuticle. 

The  use  of  the  two  methods,  however,  enables  a reconstruction  of  the  fine  struetures 
with  a reasonable  amount  of  economy.  Peels  were  useful  for  detail  of  surface  exposures 
but  found  to  yield  little  detail  from  polished  and  etched  surfaces. 

Controlled  etching.  Part  of  the  style  of  30.3  was  suspended  with  its  inner  surface  in  the 
acid  for  a few  hours  and  fragments  allowed  to  fall  away  for  subsequent  mounting.  Thus, 
depending  on  the  amount  of  mineral  initially  present  only  the  calcite-filled  lumen  of  the 
hollow  style  was  eaten  away  in  some  places,  and  the  style  completely  corroded  away 
elsewhere.  All  intermediate  sections  could  then  be  seen  in  different  parts  of  the  prepara- 
tion, giving  a sagittal  view  of  the  whole  cuticle. 

This  drastic  treatment  was  entirely  justified  by  its  results,  as  it  provided  the  final  key 
for  the  integration  of  a number  of  features  recognizable  in  the  macerated  fragments,  yet 
not  discerned  in  the  thin  sections. 


GENERAL  MICROANATOMY  OF  THE  CUTICLE 

Grosser  structure.  The  thickness  of  the  cuticle  varies  from  0-03  mm.  for  the  carapace  to 
0-60  mm.  for  the  style  of  specimen  30.3.  Locally,  however,  it  may  be  much  thicker;  for 
example,  the  ventral  ridge  of  the  z segment  of  specimen  24  is  0-70  mm.  thick,  and  the 
tip  of  the  dextral  mandible  of  specimen  30q  is  2-5  mm.  thick.  Barrande  records  the 
cuticle  thickness  of  Ceratiocaris  bohemica  as  ‘at  least  1 mm.’  (1872,  p.  448),  of  Ceratio- 
caris  decipiens'  abdominal  segments  as  ^ mm.  thick  (p.  450),  and  of  Ceratiocaris  scharyi 
as  j mm.  (p.  454). 

No  major  subdivisions  of  the  cuticle  can  be  detected,  although  replacement  may  give 
the  cuticle  a false  appearance  of  such  layering.  Barrande  records  that  the  test  of  Aristozoe 


TEXT-FIG.  3.  Camera  lucida  drawings  of  cuticular  microstructures.  The  scale  represents  50  ^ except 
where  otherwise  indicated  in  microns.  Stippling  indicates  collophane,  unshaded  areas  show  calcite  or 
etched  out  regions  in  the  macerated  specimens.  1,  5 mandible  1,  large  and  sparse  pores;  compare  with 
the  denser  and  smaller  pores  in  2,  30. 3z  1.  Vermiform  tubules  are  also  shown  in  1.  3,  30. 3v  1,  small 
holes  leading  to  single  pores,  compare  with  larger  holes  enclosing  many  pores  in  4,  30.3  stylet.  5,  30.3 
style  8,  canal  showing  incipient  splitting  apart  of  laminae  (see  Plate  7,  fig.  2).  6,  7,  8,  Variation  in 
spiralling  of  canals,  6,  30.3  style  8,  and  7,  30.3  style  3 are  tightly  coiled  or  thickened  moniliform  canals, 
but  8,  *24  stylet  is  a loose  spiral.  9,  30.3  style  8,  laminae  (see  Plate  7,  fig.  4).  10,  30. 3y  1,  moniliform 
canals  projecting  into  mountant  (see  Plate  7,  fig.  3).  11,  *24  style  2,  undulating  canals,  one  with  a 
swelling,  traceable  as  ‘ghosts’  through  the  replacement  calcite  in  the  subsurface  part  of  the  cuticle 
(above).  12,  30.3  style  2,  3,  6,  7,  and  9,  ‘cleavage  fragments’  of  cuticular  collophane.  13,  30.3  carapace 
rim  1 , two  areas  of  polygons  enclosing  single  pores  (see  Plate  7,  figs.  7,  9),  14,  15,  16,  Vermiform  tubules 
produced  by  ?thallophyte  perforants,  pores  and  canals  can  also  be  seen  in  14  and  16.  14,  5 mandible  2, 
15,  30.3  style  6,  16,  29i  carapace  1 (see  Plate  7,  fig.  8). 
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regina  consists  of  two  layers  and  is  not  more  than  1 mm.  thick  (1872,  p.  582).  Sclerotized 
recent  arthropod  cuticles  can  be  split  up  into  three  major  subdivisions,  from  the  external 
surface  inwards:  the  epicuticle,  the  exocuticle,  and  the  endocuticle  (Richards  1951, 
p.  147).  The  exocuticle  and  part  of  the  endocuticle  may  subsequently  be  calcified  and 
constitute  the  ‘calcified  corium’  (Williamson  1860,  p.  36).  In  view  of  this  absence  of 
major  subdivisions  in  the  fossil  material  it  is  impossible  to  know  how  much  of  the  origi- 
nal cuticle  has  been  preserved.  Thus  the  thicknesses  quoted  above  are  minimal.  It  seems 
unlikely  that  the  thin  epicuticle  is  ever  preserved,  and  it  is  possible  that  many  subdivi- 
sions recognized  in  other  fossil  cuticles  are  merely  due  to  replacement.  One  peculiar 
feature  shown  by  the  mandibles  of  specimens  5 and  30q  deserves  description  here.  A 
‘pseudo-enamel’  is  present  over  the  surface  of  the  teeth  in  these  two  individuals.  It 
consists  of  a layer  of  calcite  0-02-0T7  mm.  thick,  extinguishing  parallel  to  the  laminae. 
Some  of  it  is  secondary  and  in  optical  continuity  with  calcite  in  the  matrix.  It  probably 
reflects  a primary  difference  in  this  superficial  layer  (?  the  exocuticle),  since  it  is  absent 
from  an  edge  of  mandible  5 broken  off  during  burial  (on  extreme  right  of  text-fig.  1). 
The  pseudo-enamel  showed  a ‘root’,  0-40  mm.  deep  into  the  tip  of  one  of  the  teeth, 
which  was  lost  during  sectioning. 

Some  cuticle  fragments  were  flexible  at  burial  as  all  stages  occur  from  gently  curved  to 
highly  contorted  fragments,  and,  eventually,  ruptured  and  impacted  cuticles.  Many 
specimens  show  sediment  actually  within  the  thickness  of  the  cuticle  where  laminae  have 
split  apart,  presumably  during  burial. 

Fragments  of  cuticle  in  the  macerated  preparations  often  show  what  appears  to  be 
cleavage,  as  shown  on  text-fig.  3:  12.  The  cleavage  angles  are  35°-75°  and  105°-155°; 
the  means  of  forty-two  measurements  are  65°  and  115°.  As  the  isotropic  collophane  is 
cryptocrystalline  it  can  develop  no  such  cleavage,  nor  do  fragments  crushed  under  a 
cover  slip.  The  most  likely  explanation  is  that  the  fragments  have  split  along  the  inter- 
prismatic  boundaries,  the  basal  planes  of  the  fragments  being  formed  by  the  easily 
separated  laminae. 

The  other  possibility  is  that  the  cleavage  is  imposed  on  the  collophane  from  the  re- 
placement calcite.  Basal  sections  of  the  lOTl  rhombohedral  cleavage  of  calcite  would 
intersect  at  60°  and  120°  and  this  is  fairly  close  to  the  calculated  mean  values  of  the 
fragments.  This  is  a less  satisfactory  explanation  than  the  former  which  caters  for  the 
wide  range  of  variation  in  the  measured  angles. 

Microstructure.  Forty-four  slides  of  macerations  from  various  regions  of  the  exoskeleton 
of  eight  individuals,  two  peels  and  nineteen  thin  sections  of  six  individuals  were  found 
to  be  of  value,  and  eight  distinct  types  of  microstructure  have  been  recognized  in  these 
preparations.  Text-fig.  4 is  a semi-diagrammatic  scale  reconstruction  of  the  fossil  cuticle 
showing  these  features,  based  on  the  controlled  etch  of  style  30.3  but  with  data  added 
from  other  preparations. 


PRIMARY  MICROSTRUCTURES 

Structures  which  may  be  compared  with  those  developed  in  modern  arthropod  cuticles 
and  thus  ‘essential’  or  ‘endogenous’  structures. 

1.  Pores  and  canals.  These  are  the  most  obvious  microstructures  of  the  cuticle.  Every 
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pore 


TEXT-FIG.  4.  Semi-diagrammatic  scale  reconstruction  of  the  cuticle  of  Ceratiocaris  papilio,  based  on 
style  30.3  Replacement  calcite  is  shown  white  and  the  close  ruling  represents  laminae  in  the  collophane. 
Ba,  Balkenlagen;  o,  outer  wall,  and  /,  inner  pillar  of  calcite  replacing  a prism;  lam,  laminae;  ipb,  inter- 
prismatic  boundary;  vt,  vermiform  tubule.  Ghost  laminae  and  canals  are  shown  as  fainter  lines  through 

the  replacement  calcite  (see  Plate  8,  fig.  6). 

region  of  the  cuticle  examined  is  penetrated  by  these  canals,  which  in  transverse  section 
are  seen  as  circular  pores,  as  shown  by  Plate  7,  fig.  1 . The  canals  run  through  the  whole 
thickness  of  the  collophane  cuticle  and  are  generally  filled  with  calcite.  They  are  truncated 
by  the  sandwich-filling  calcite  replaced  areas,  but  can  be  followed  through  them  with 
difficulty  as  ‘ghosts’  (text-figs.  4,  3:  11).  The  canals  usually  run  straight  through  the 
cuticle,  but  may  rarely  pursue  a meandering  course ; text-fig.  3:11  shows  a specimen 
with  an  unusual  concentration  of  such  undulating  canals. 

The  canals  penetrate  the  cuticle  perpendicularly,  with  only  two  exceptions:  *5  man- 
dible teeth  1 and  30.3  carapace  rim.  Both  these  areas  are  relatively  thick,  the  former 
exceptionally  so.  Text-fig.  1,  and  Plate  8,  fig.  3 show  the  mandibular  teeth  with  the 
subparallel  canals  intersecting  the  surface  at  angles  dependent  on  the  shape  of  the  tooth. 
This  ‘oblique  relation’  was  figured  by  Harley  from  a vertical  section  of  ' Astacoderma 
imdulatum  var.  compositum'  (1861,  pi.  17,  fig.  12,  pp.  546-8,  550).  Harley’s  assignation 
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of  this  particular  astacoderm  to  a phyllocarid  can  thus  be  confirmed,  but  the  fragments 
are  of  mandibles,  not  gastric  teeth  (cf.  1861,  pp.  548,  550).  As  well  as  those  normal  to 
the  surface,  the  carapace  rim  shows  oblique  canals  intersecting  the  surface  at  angles 
between  38°  and  55°. 

Under  high  power  the  canals  appear  as  moniliform  tubes,  for  example,  text-fig.  3:10, 
Plate  7,  figs.  3,  4,  or  sometimes  as  spirals.  These  spirals  are  tight:  text-fig.  3:  6,  7,  or, 
very  rarely,  loose:  text-fig.  3:  8.  With  crossed  nicols,  the  highest  order  interference  colours 
seen  in  a longitudinal  section  of  the  moniliform  canals  occur  at  the  level  of  the  constric- 
tions. This  suggests  that  the  thickest  calcite  lies  not  in  the  swollen  areas  of  the  canal  as 
might  have  been  expected,  but  to  one  side  of  them.  This  can  be  explained  if  the  monili- 
form appearance  is  due  to  a tightly  coiled  tube,  i.e.  one  with  a low  pitch  relative  to  the 
diameter  of  the  helix.  Incidentally,  the  polarization  colours  afford  a useful  check  on  the 
thickness  of  the  canal  preserved  in  the  section,  if  Dudich’s  method  is  used  (1931, 
pp.  57-59).  However,  although  loosely  coiled  tubes  are  easily  recognized  the  commoner 
moniliform  appearance  is  not  due  to  a straightforward  tight  coil.  All  that  can  be  seen 
in  the  best-preserved  canals  is  a spiral  thread  and  groove  running  around  the  canal 
walls,  forming  in  engineering  terms  a knuckle  threaded  internal  screw.  Both  dextral  and 
sinistral  threads  and  tubes  are  present.  Possibly  an  originally  coiled  tube  has  been  com- 
pletely destroyed  during  fossilization  and  all  that  remains  is  the  threaded  external 
mould.  If  there  was  no  coiled  tube  inside,  however,  it  means  that  two  types  of  canals  are 
present;  a wider  one  with  a taenidia-like,  tight  spiral  thickening  and  a thinner,  loosely 
spiralling  tube. 

The  pitch  of  the  canal  spirals  varies  from  0-8  to  7-2  ji  with  a mean  of  3-80±0-079  (63). 
This  pitch  is  proportional  to  the  external  diameter  of  the  canal,  possibly  suggesting  that 
the  thread  is  only  a mould  and  not  an  original  thickening.  Text-fig.  5 shows  the  graphical 
relation  between  the  pitch  of  the  thread  and  the  external  diameter  of  the  canal  as 
measured  from  the  preparations.  Some  of  the  abnormally  low  values  recorded  for  the 
diameter  of  canals  with  a similar  pitch  are  probably  of  the  less  than  maximum  diameter 
seen  in  an  off-centre  plane  of  section.  The  three  lines  plotted  are  the  expressions  of 
three  types  of  coiled  tube.  The  centre  line  is  of  an  ideal  helix  coiled  as  tightly  as  possible. 
This  helix  can  then  be  expanded  in  the  two  ways  shown  on  the  graph  by  the  other  lines, 
either  laterally  or  vertically.  The  former  increases  the  umbilicus  of  the  helix,  the  latter 
exaggerates  the  pitch. 

The  pitch  commonly  coincides  with  the  lamination  of  the  cuticle,  and  laminae  may 
show  incipient  splitting  apart  where  they  abut  against  the  canal  wall — text-fig.  3:  5,  6; 
Plate  7,  fig.  2.  Replacement  calcite  may  follow  along,  or  be  the  cause  of  this  splitting, 
which  may  proceed  until  the  canal  has  the  appearance  of  a Christmas  tree,  with  its 


EXPLANATION  OF  PLATE  7 

Microstructures  of  the  cuticle  of  Ceratiocaris  papilio  Salter.  The  scale  represents  50  p..  Figs.  1-3,  Pores 
and  canals.  1,  *24  style  5,  transverse  section  of  canals  (=  pores).  2,  30.3  style  8,  longitudinal  section 
of  canals,  showing  incipient  splitting  of  laminae.  3,  30.3  y 1,  moniliform  canals  projecting  from  collo- 
phane  (dark)  into  mountant.  Figs.  4,  5.  Laminae.  4,  30.3  style  8;  5,  *30.3z  ventral  process,  showing 
festooned  laminae  between  canals.  Fig.  6.  29i  carapace  right  valve,  small  bumps  surrounding  individual 
pores.  Figs.  7,  9.  Polygons.  7,  30.3  carapace  rim  1,  two  areas  of  thin  collophane  showing  polygons, 
separated  by  thicker  collophane  (dark).  9,  Right  edge  of  fig.  7 at  higher  magnification,  showing  single 
pores  in  centre  of  polygons.  8,  29i  carapace  1 , vermiform  tubules  produced  by  ? thallophyteperforants. 
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branches  represented  by  calcite  replaced  laminae  (Plate  7,  fig.  5).  Eventually  adjacent 
branches  of  the  tree  will  join  up  and  whole  laminae  be  replaced. 

The  circular  pores  often  show  a ragged  sector  on  their  otherwise  smooth  circumfer- 
ence, due  to  the  spiralling  down  of  the  canal  out  of  the  plane  of  the  section  revealed  by 
breaking  along  a lamina — text-fig.  3:1. 


TEXT-FIG.  5.  Graph  showing  correlation  between  pitch  of  canal  spirals  and  external  diameter  of  canals 
through  cuticle.  The  three  lines  express  the  three  illustrated  types  of  coiled  tubes;  r,  radius;  p,  pitch 

of  tubes;  d,  external  diameter  of  canal. 

Canals  in  the  macerated  preparations  occasionally  project  from  their  enclosing  collo- 
phane  into  the  mountant,  as  shown  by  text-fig.  3:  10,  Plate  7,  fig.  3.  As  the  calcite  in- 
filling of  the  tube  has  been  etched  away  this  must  be  some  form  of  discrete  lining  or 
wall  left  behind.  It  is  transparent,  but  may  be  of  collophane  which  is  also  transparent 
at  this  thickness  of  only  a few  microns. 

The  maximum  external  diameter  of  the  canals  and  pores  varies  from  0-7  to  17-0  p, 
the  mean  diameter  is  6-0±0-178  (121).  The  thickness  of  the  fossilized  cuticle  could  only 
be  measured  accurately  in  the  thin  sections  and  hence  there  is  not  adequate  data  to 
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enable  any  statistically  reliable  correlation  between  the  diameter  of  the  canals  and  the 
thickness  of  the  integument  they  pierce.  The  wide  variation  in  diameter  of  canals  in  the 
same  cuticle  further  hinders  any  simple  correlation.  However,  there  does  appear  to  be 
a slight  positive  correlation  between  the  thickness  of  the  test  and  the  pore  diameter. 

The  density  of  the  pores  varies  from  1,400/sq.  mm.  in  5 mandible  1,  text-fig.  3:  1,  to 
4,700/sq.  mm.  in  30.3  z 1,  text-fig.  3 : 2.  The  mean  density  per  sq.  mm.  is  2,356±74-4  (28). 
A minor  part  of  this  variation  in  density  is  undoubtedly  due  to  the  calculation  of  densi- 
ties from  macerated  fragments  derived  from  different  levels  in  the  cuticle.  The  internal 
surface  area  of  the  cuticle  of  the  exoskeleton  may  be  up  to  about  10  per  cent,  less  than 
that  of  its  external  area.  Thus  densities  of  canals  measured  on  fragments  from  low  levels 
in  the  cuticle  will  differ  by  a corresponding  amount  from  those  measured  on  fragments 
derived  from  higher  levels. 

There  is  no  statistically  reliable  correlation  between  pore  density  and  diameter.  The 
pores  of  smaller  diameter  are  perhaps  denser  than  the  larger  pores.  Peel  5 mandible  3 
shows  pores  4-11  in  diameter,  with  a density  of  2,000/sq.  mm.  in  the  thin- walled  area 
of  the  mandible  ffank.  Towards  the  thicker  cutting  edge  of  the  mandible,  only  6 mm. 
away,  this  density  increases  to  3,300/sq.  mm.  at  the  much  smaller  diameters  of  0-7-3-0  jj.. 

The  canals  often  swell  and  balloon  out  along  their  length  due  to  calcite  replacement. 
These  individual  blebs  of  calcite,  strung  along  the  canals  at  irregular  intervals  like  beads 
on  a necklace,  increase  in  size  by  fusing  laterally  along  the  laminae  and  vertically  along 
the  canals.  All  stages  may  be  seen  in  this  process  of  replacement,  from  merely  swollen 
areas  of  the  moniliform  canal  to  completely  replaced  individual  laminae  and  groups  of 
laminae,  until,  eventually,  whole  sections  of  the  cuticular  collophane  have  been  replaced. 
The  role  of  the  prisms  in  this  replacement  process  will  be  described  later.  The  early 
stages  in  this  process  are  shown  on  the  left  of  the  block  diagram  and  Plate  8,  fig.  4. 
This  process  and  its  result  may  be  termed  sandwich-filling  replacement.  Schafer  (1951, 
pp.  235-6,  fig.  12)  has  recently  described  a section  through  the  cuticle  of  the  recent 
brachyuran  Portimus  allowed  to  decompose  for  two  months  in  sea  water.  Although 
Schafer  (1951,  p.  236)  notes  that  the  pore  canals  are  most  resistant  to  destruction,  his 
figure  strikingly  resembles  sections  of  an  ‘early  stage’  in  sandwich-filling  replacement  of 
the  fossil  cuticle.  Plate  8,  figs.  1-2  show  successive  sections  *24  style  1 and  2,  photo- 
graphed between  crossed  nicols,  with  the  isotropic  collophane  sandwiching  the  calcite- 
infilled  core  of  the  cuticle.  It  is  impossible  to  decide  whether  or  not  some  of  these 
swellings  on  the  canals  are  primary  or  merely  the  replacement  phenomena  described 
above.  Text-fig.  3:11  shows  a cuticle,  the  external  surface  down,  with  a distinct  and 
regular-shaped  swelling  on  the  canal.  The  dilated  tips  of  Diplopod  gland  ducts  are 
superficially  similar  (Richards  1951,  fig.  32,  p.  155). 

The  canals  can  best  be  compared  with  the  pore  canals  of  recent  arthropods.  The  only 
problem  lies  in  their  size ; thus  Wigglesworth  terms  the  pore  canals  of  Sarcopliaga  larva 
‘relatively  coarse’  with  a diameter  of  1 p (1950,  p.  23),  and  canals  of  0T5  diameter  at 
a density  of  1,200,000/sq.  mm.  are  recorded  for  the  cockroach  (Richards  1951,  p.  181). 
However,  some  Crustacea  have  larger  pore  canals  (Richards  1951,  p.  177).  The  size  of 
the  canals  is  closer  to  that  of  the  ducts  of  tegumental  glands  or  setal  ducts,  but  these 
are  usually  of  restricted  distribution  and  less  dense  in  number.  Similarly  neither  of  those 
ducts  follows  a spiral  course  through  the  cuticle  (R.  Dennell,  private  communication), 
although  gland  ducts  may  have  spiral  thickenings  (Richards  1951,  pp.  251,  254).  The 
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distribution  of  the  canals  within  the  prisms  as  described  below  is  identical  to  that  in 
modern  cuticles  (Dennell  1947,  1960).  Tegumental  gland  ducts  and  setal  ducts,  having 
a unicellular  or  multicellular  origin,  can  never  be  present  in  such  densities  in  a single 
prism,  which  is  the  vertical  extension  of  a single  epidermal  cell.  Richards  states  that 
pore  canals  are  probably  ‘a  characteristic  feature  of  chitinogenous  tissue  and  transport 
peripherally  various  components  for  cuticle  production’  (1951,  p.  182). 

It  is  strange  that  the  only  reference  to  calcite  filling  pore  canals  should  be  that  in 
which  pore  canals  were  first  described  (Valentin  1837,  p.  124).  Valentin  describes  how 
he  etched  the  calcite  away  with  acid  and  was  then  able  to  see  the  canals  clearly. 

The  origin  of  the  helices  of  the  pore  canals  has  been  explained  by  radial  contraction 
during  cuticle  formation  (Richards  1951,  p.  179).  The  remarkable  hollow,  chambered 
and  spiral  crystal  whiskers,  grown  in  colloidal  media,  have  been  cited  as  having  genuine 
analogies  with  biological  growth  processes,  and  might  provide  a key  to  this  problem 
(Nabarro  and  Jackson  1958,  p.  25).  The  origin  of  turbination  in  shells  poses  analogous 
mechanical  problems  (Berner  1956). 

Many  of  the  structures  described,  taken  from  fossil  arthropod  cuticles  and  compared 
with  modern  pore  canals,  are  either  gland  or  setal  ducts.  Not  only  are  they  too  large  and 
sparse  for  genuine  pore  canals,  but  in  several  cases  they  have  been  described  as  leading 
up  to  the  bases  of  setae.  Thus  Waterston  has  shown  the  ‘pore-canals’  through  the  cuticle 
of  the  eurypterid  Campylocephalus  scouleri  to  be  bristle  bases  (1957,  p.  279).  Eisenack 
has  recently  described  microstructures  of  some  Silurian  eurypterids  in  detail,  but  no 
undoubted  pore  canals  can  be  discerned  (1956).  Fuller  references  to  the  literature  on 
eurypterid  microstructures  are  given  by  Stormer  (1936,  pp.  27-32)  and  Eisenack  (1956). 

Canals  have  been  described  from  several  trilobite  genera  but  again  may  be  too  large 
and  sparse  for  pore  canals  although  quantitative  data  are  lacking.  Thus  Stormer  com- 
pares canals  in  Trelaspis,  which  measure  20;^  on  his  plate  12,  fig.  2,  with  Porkanalchen 
(1930,  pp.  98-99).  Cayeux  recognized  the  existence  of  tubes  larger  than  pore  canals  in 
the  crab  and  describes  ‘canaux’  from  'Triuucleus  goldfussf  (1916,  pp.  444-6).  The  canals 
described  by  Father  Rome  from  Phacops  are  not  measurable  with  any  accuracy  (1936, 
p.  3).  Evitt  and  Whittington  have  described  perforations  from  0-4  to  75  /i.  in  diameter 
through  the  exoskeleton  of  Flexicalymene  (1953,  p.  53).  It  seems  most  likely  that  the 
smaller  canals  are  genuine  pore  canals  while  the  larger  ones  are  setal  and  tegumental 
gland  ducts. 

The  term  pore  canal  has  become  entrenched  in  the  literature  on  the  ostracod  cuticle, 
yet  many  of  the  canals  are  relatively  large  and  described  as  leading  to  hairs  and  bristles 
(Kiikenthal  and  Krumbach  1927,  p.  402;  Schulze  1926,  pp.  7-8).  Kesling  defines  the 
ostracod  pore  canal  as  ‘a  passage  originally  connecting  sensory  hairs  to  the  nerves  of 
the  hypodermis’  (1951n,  p.  124),  and  records  that  hairs  reach  through  radial  canals  as 
well  (19516,  p.  64).  They  may  also  show  the  dilated  tips  such  as  occur  in  some  gland 
ducts  (Sylvester-Bradley  1941;  cf.  Richards  1951,  p.  155).  In  addition  to  normal  ‘pore 
canals’,  however,  Wagner  figures  fine  punctae  in  the  carapace  of  Cytherura  gibba 
measuring  less  than  1 p.  in  diameter  and  at  a density  of  about  55,000/sq.  mm.  (1957, 
p.  74,  pi.  33,  fig.  1).  These  are  possibly  genuine  pore  canals,  which  serves  to  indicate 
that  the  majority  of  so-called  canals  from  ostracods  are  in  fact  setal  and  tegumental 
gland  ducts. 

Harley  recognized  that  the  microstructure  of  some  of  his  Astacoderma  from  the 
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Welsh  Borderland  was  ‘unmistakeably  Crustacean’  (1861,  p.  546).  A process  of  careful 
elimination,  based  on  thin  sections  of  other  fossils,  including  trilobites,  enabled  him  to 
refer  many  Astacoderma  to  Ceratiocaris  fragments.  His  data  indicate  that  canals 
through  the  cuticle  were  0-6-1 -0  /x  (1861,  p.  546)  in  diameter  suggesting  that  these  are 
quite  normal  pore  canals,  an  observation  that  will  require  verification.  The  punctuations 
of  Dithyrocaris  cuticles  figured  by  Jones  and  Woodward  are  of  comparable  diameters 
to  the  canals  from  the  present  material,  but  they  have  either  far  lower  or  higher  densities, 
only  reaching  800/sq.  mm.  according  to  their  figure  of  Dithyrocaris  insignis  (1898, 
pi.  25,  fig.  5b)  and  yet  15,000/sq.  mm.  in  D.  testudinea  (1899,  pi.  29,  fig.  \\b).  Further 
work  on  these  dithyrocaridids  would  be  profitable. 

2.  Laminae.  The  laminae  are  seen  as  extremely  fine  striations  in  the  collophane,  parallel 
to  the  surface  of  the  cuticle.  They  are  not  always  visible,  probably  for  a variety  of 
reasons,  such  as  sections  too  thick,  lighting  unsuitable,  refractive  index  of  mountant  too 
close  to  that  of  specimen  (Richards  1951,  pp.  174-5).  Like  the  canals,  the  laminae  may 
be  completely  obliterated  by  the  replacing  calcite,  or  traceable  through  it  as  ‘ghosts’. 
Under  high  power  the  amber  collophane  laminae  are  seen  to  be  separated  by  dark  bands. 
When  the  collophane  is  so  thin  as  to  be  transparent,  the  darker  bands  contrast  strongly 
with  the  lighter  bands.  The  dark  bands  may  be  equal  in  thickness  to  the  light  bands  but 
are  usually  much  thinner,  and  often  appear  to  be  only  an  inter-laminar  boundary. 
They  are  well  seen  on  text-fig.  3 : 9,  Plate  7,  fig.  4.  Although  the  laminae  usually  run 
parallel  to  the  curved  surface  of  the  cuticle,  they  may  occasionally  hang  in  festoons 
between  the  canals  (Plate  7,  fig.  5).  The  process  of  replacement  of  individual  laminae  by 
calcite  has  already  been  described,  and  also  how  the  festooned  laminae  came  to  have  the 
appearance  of  Christmas  trees,  due  to  the  replacement  of  alternate  collophane  laminae 
by  calcite.  The  laminae  are  planes  of  weakness  and  the  cuticle  readily  flakes  off  along 
them,  as  illustrated  on  the  top  right-hand  edge  of  text-fig.  4. 

The  thickness  of  individual  laminae  was  measured  from  one  dark  band  to  the  next, 
thus  including  one  dark  and  one  light  band.  It  may  be  up  to  7-2  y.  but  it  is  usually  far 
less,  and  the  lower  limit  is  beyond  the  range  of  the  optical  microscope.  The  thinnest 
lamina  measured  was  0-8  /x.  The  mean  thickness  of  twenty-eight  measured  laminae  is 
3-26  /X,  but  this  is  too  large  a figure  since  thinner  laminae  could  not  be  measured.  The 
thickness  of  the  laminae  commonly  coincides  with  the  pitch  of  the  canals.  These  laminae 
are  identical  to  those  recognizable  in  modern  cuticles  (Richards  1951,  pp.  174-7),  the 
origin  of  which  is  not  yet  understood,  but  which  have  been  explained  in  terms  of  periodic 
crystallization  and  Schiller  plane  phenomena.  The  dark  bands  of  the  laminae  of  Peri- 
planeta  are  half  the  thickness  of  the  light  bands  (Richards  and  Anderson  1942,  p.  150) 
and  are  denser  and  stronger  than  them.  Modern  cuticles  also  tend  to  split  apart  along 
the  laminae,  but  ‘they  are  chemically  similar  to  one  another’  (Richards  1951,  pp.  124, 
175).  Dennell  has  proposed  a model  in  which  the  lighter  bands  are  composed  of  loose, 
vertical,  chitin  fibrillar  crystallites  which  bend  over  and  are  gathered  into  horizontal 
masses  in  the  denser  bands  (1960,  p.  459).  The  replacement  of  alternate  laminae  in  some 
areas  of  the  fossil  cuticle  is  thus  presumably  fortuitous;  splitting  apart  occurs  along  the 
lighter  bands  with  calcite  growth  as  a cause  or  effect. 

Laminae  have  been  recognized  in  other  fossil  cuticles.  Harley  has  figured  ‘excessively 
fine’  laminae  of  ? ceratiocaridid  astacoderma  (1861,  p.  546).  Rome  records  13  to  19 
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laininae  in  the  cuticles  of  Phacops  (Ph.)  accipitrimis  measuring  04-0-7  mm.  thick  ( 1936, 
p.  7,  pi.  1).  Cayeux  records  that  the  ‘lignes  d’accroissement  extremement  fines’  (i.e.  of 
the  laminae)  of  'Trinucleus  goldfussV  were  ‘souvent  interrompues  par  la  fossilisation’ 
( 1916,  p.  447).  In  Zittel’s  textbook  Beecher  refers  to  ‘thin  laminae  of  earbonaceous  and 
phosphatic  compounds  of  calcium’  in  trilobites  (1900,  p.  609).  Stormer  (1930,  p.  98) 
distinguished  7 to  8 ‘lamellae’  picked  out  by  pyrite  grains  in  the  cuticle  of  Tretaspis 
seticornis,  and  was  able  to  make  out  several  less  well-defined  layers  between.  The 
difficulty  in  resolving  laminae  makes  those  in  modern  arthropods  appear  broader  than 
they  are  in  actual  fact  (Richards  and  Anderson  1942,  p.  150),  and  thus  the  thiekness 
recorded  of  laminae  selectively  replaced  in  fossil  cuticle  is  certainly  far  greater  than  that 
in  the  original  cuticle. 

3.  Balkenlagen.  These  have  only  been  seen  in  one  macerated  specimen,  30. 3 v 2.  They 
consist  of  alternating  dark  and  light  bars  perpendicular  to  the  darker  bands  of  a number 
of  laminae  1 -4  p,  thick.  They  are  only  visible  adjacent  to  one  canal,  and  then  only  by 
carefi  1 focusing.  Three  dark  and  light  bars  can  be  measured  in  a distance  of  1 -4  p,  giving 
the  total  width  of  one  dark  plus  light  bar  as  0-48  p. 

These  can  only  be  the  traces  of  the  oriented  micelles  or  chitin  crystallites  referred  to 
as  Balkenlagen  (Richards  1951,  pp.  192-4).  Although  most  commonly  recognized  in 
beetle  cuticles,  they  have  also  been  recorded  from  Crustacea  (Richards  1951,  p.  192; 
Krishnakumaran  1956,  pp.  174,  fig.  2,  p.  176). 

4.  Prisms.  These  structures  were  only  found  by  the  controlled  etch  of  the  style  of  30.3. 
The  successive  planes  of  section  revealed  by  etching  through  the  inner  colophane  of  the 
style,  through  the  calcite  sandwich-filling  and  the  outer  collophane,  show  the  following 
features.  Where  the  basal  portion  of  the  cuticle  adjaeent  to  the  originally  calcite-filled 
lumen  has  been  revealed,  it  is  seen  to  be  penetrated  by  the  lumen  of  a dorsal  spine,  by 
the  canals  and  a rare  hole.  When  the  internal  collophane  has  been  removed  and  the 
sandwich-filling  of  calcite  lightly  attacked  by  the  acid,  differential  corrosion  picks  out  a 
network  of  straight  vertical  fissures  1-2  p wide,  bounding  more  or  less  regular  four-, 
five-,  six-,  and  seven-sided  prisms,  varying  from  0-052  to  0-27  mm.  in  maximum  diameter, 
with  the  mean  0-15  mm. ±0-00312  (67).  Each  prism  is  usually  composed  of  two  layers; 
an  outer  wall  (o  on  text-fig.  4)  of  resistant  calcite,  0-01-0-06  mm.  thick,  surrounded  by 
the  fissures;  and  an  inner  cylindrical  pillar  of  easily  corroded  calcite  (/),  usually  only 
visible  as  a circular  well  0-04-0-21  mm.  in  diameter,  filled  with  dusty-looking  calcite. 
These  prisms  are  riddled  with  canals,  which  can  only  be  estimated  to  have  a maximum 
diameter  of  0-007  mm.  and  which  correspond  to  the  canals  described  above.  The  number 
of  canals  varies  from  twenty  to  more  than  eighty  per  prism.  One  pentagonal  prism,  with 
a cross-seetional  area  of  0-035  sq.  mm.,  contains  about  eighty  pores  which  equal  a 
density  of  2,300/sq.  mm.  These  structures  are  shown  on  Plate  8,  fig.  6. 

When  the  calcite  has  only  just  been  destroyed,  the  inner  surface  of  the  outer  collo- 
phane sandwich  is  seen  to  be  pitted  by  a number  of  circular  funnels  or  soekets  of 
variable  depth,  whieh  are  the  continuations  in  depth  of  the  prisms.  Most  of  these 
sockets  terminate  bluntly  before  the  external  surface  is  reached,  although  a few  may 
intersect  it  to  form  the  holes  mentioned  earlier.  At  the  calcite/collophane  interface  the 
interprismatie  fissures  are  only  seen  as  eleavages  in  the  collophane.  Even  these  cleavages 
disappear  from  the  collophane  outside  the  interface. 
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Very  little  evidence  of  the  prismatic  structure  can  be  detected  in  the  thin  sections. 
The  outer  calcite  wall  of  the  prism  can  sometimes  be  distinguished  by  its  lack  of  colour 
compared  with  the  biscuit-coloured  calcite  of  the  inner  column  (Plate  8,  figs.  1-2).  It 
may  then  be  traceable  around  the  end  of  the  column,  but  although  this  is  shown  as  being 
the  case  on  text-fig.  4 it  is  not  always  detectable.  Nothing  can  be  seen  of  an  interpris- 
matic  septum  which  would  etch  away  to  leave  the  fissure  characteristic  of  the  corroded 
specimen.  Areas  which  must  be  interprismatic  from  the  shape  of  the  infilling  inner  and 
outer  calcite  consist  merely  of  calcite  apparently  identical  to  the  outer  wall.  In  the  block 
diagram  an  interprismatic  boundary  {ipb)  has  been  drawn  of  the  same  width  as  the 
interprismatic  fissure  revealed  by  etching. 

The  replacement  by  calcite  described  under  the  earlier  sections  is  ultimately  governed 
by  the  prisms.  Calcite  replaces  laminae  and  balloons  out  from  canals  only  within  in- 
dividual prisms ; the  presence  of  inner  and  outer  zones  of  calcite  may  reflect  differences 
in  composition  of  the  original  prismatic  material. 

Apart  from  their  relatively  gigantic  size  the  prisms  may  be  compared  with  those  from 
modern  cuticles  (Valentin  1837,  fig.  23;  Drach  1939,  pp.  292-8,  374-5;  Dennell  1947, 
pp.  485-503,  1960,  pp.  455-64;  Richards  1951,  pp.  146,  194).  Modern  hexagonal  prisms 
are  thought  to  correspond  to  the  underlying  epidermal-cell  outlines  and  are  originally 
composed  of  the  chitin-protein  complex  forming  the  cuticle.  In  the  early  stages  of  cuticle 
formation  each  prism  is  separated  from  its  neighbour  by  an  interprismatic  space.  The 
prisms  may  then  fuse  by  an  infilling  of  the  interprismatic  spaces  with  epicuticular  lipo- 
proteins, or  become  calcified ; in  both  cases  the  prisms  usually  lose  their  optical  identity. 
This  calcification  takes  place  from  the  outer  surface  and  proceeds  inwards  via  the  inter- 
prismatic spaces,  spreading  out  horizontally  along  the  laminae  in  much  the  same  way 
as  the  endoprismatic  replacement  of  collophane  by  calcite  proceeds  via  the  canals  and 
laminae  in  the  fossil  cuticles  described  above.  From  a study  of  the  pre-moult  breakdown 
of  the  calcified  endoskeletal  prisms  of  decapod  crustaceans  Drach  showed  that  the 
centre  of  each  prism  disappears  first  to  leave  a ‘reseau  hexagonal’  of  interprismatic 
material  (i.e.  the  order  of  breakdown  is  the  reverse  of  crystallization).  His  pi.  vii,  figs.  35, 
36  (1939)  show  this  very  well.  These  soft  centres  to  the  prisms  probably  correspond  to 
the  easily  corroded  pillars,  and  the  resistant  mesh  of  the  interprismatic  septa  to  the 
interprismatic  boundaries  or  fissures  of  the  fossil  material.  Drach  records  the  diameter 
of  the  prisms  as  10-15  p with  an  interprismatic  width  of  0-2-2-0  p. 

If  the  size  of  the  prism  does  correspond  to  that  of  the  subjacent  epidermal  cell,  these 


EXPLANATION  OF  PLATE  8 

Microstructures  and  X-ray  powder  photograph  of  the  cuticle  of  Ceratiocaris  papilio  Salter.  The  scale 
is  2 mm.  long  except  below  Figs.  4,  6 where  it  represents  50  p.  Figs.  1,  2, *  *24  style  1,  2,  transverse 
sections  showing  sandwich-filling  replacement.  Letter  d indicates  the  dorsal  ridge  i of  the  style. 
Crossed  nicols;  collophane  isotropic,  replacement  calcite  grey  and  white.  Fig.  3.  *5  mandible  teeth  1, 
showing  calcite  ‘pseudo-enamel’  penetrated  obliquely  by  canals.  See  text-fig.  1 for  detail.  Fig.  4. 

*24  stylet  1,  transverse  section  showing  early  stage  of  sandwich-filling  replacement  of  collophane 
(dark)  by  calcite.  Fig.  5.  X-ray  powder  photographs.  Sample  1 from  cuticle,  sample  2 from  infilled 
lumen  of  style  30q.  The  numbered  lines  refer  to  Table  1 . Fig.  6.  Controlled  etch  of  style  30.3.  Numer- 
ous interprismatic  fissures  can  be  seen  as  straight  black  lines,  bounding  the  lighter  prisms,  formed  of 
outer  and  inner  portions.  Pores  can  be  seen  piercing  the  inner  pillar  of  a prism  just  below  the  centre 
of  the  figure. 
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cells  in  the  Ceratiocahs  style  must  have  been  relatively  gigantic  (cf.  Drach  1939,  fig.  5, 
p.  294;  Richards  1951,  pp.  204,  21 1).  If  this  were  the  case  it  might  also  account  for  the 
large  pore  canals. 

Prisms  do  not  seem  to  have  been  recognized  from  fossil  cuticles  before.  Cayeux  figures 
some  polygonal  areas  28-40  p.  in  diameter  with  walls  16  /x  thick  from  ‘'Trinucleus',  each 
containing  one  pore  with  a density  of  about  230/sq.  mm.  (1916,  pi.  43,  fig.  3),  and  of 
‘signification  inconnue’  (p.  447).  If  these  are  genuine  prisms,  as  seems  likely,  his  ‘canaux’ 
must  then  be  tegumental  gland  or  setal  ducts.  The  reticulation  of  Dictyocaris  is  possibly 
of  prismatic  origin  (Salter  1860,  p.  161 ; Packard  1883,  p.  446). 

Some  of  the  so-called  ‘ornament’  of  ostracods  is  certainly  of  replacement  origin  and 
possibly  related  to  cuticular  prisms.  Kesling  (1954,  pp.  17-18)  draws  attention  to  the 
two  layers  of  ‘ornament’  in  fossil  ostracods,  in  which  ‘the  thin  outer  layer  of  the  shell 
has  one  sort  of  ornamentation  and  the  layer  below  has  another  and  completely  different 
kind  . . . the  outer  layer  is  fragile  and  could  easily  have  been  removed  by  corrosion  or 
abrasion.  It  is  possible  that  this  layer  was  present  in  many  species,  but  has  disappeared 
from  all  specimens  before  their  collection’.  He  describes  two  species  of  Ctenoloculina,  one 
of  which  has  fine  reticulation  and  the  other  granulae  and  small  punctae  on  their  outer 
layer;  both  have  papillae  in  a subjacent  layer.  Elsewhere,  Kesling  describes  structures 
from  Hibbardia  lacrimosa  which  were  revealed,  significantly,  by  etching  and  peeling. 
He  describes  vertical  thin  lines  which  ‘do  not  appear  to  be  pore  canals  because  of  their 
small  size’,  and  which  run  through  the  ‘middle  of  each  element  of  the  reticulation’ 
(1957,  p.  33).  His  excellent  plates  leave  no  doubt  that  the  structures  described  are  in 
fact  corroded  interprismatic  boundaries.  The  cup-shaped  depression  surrounded  by  the 
walls  of  each  reticulation  might  well  be  the  equivalent  of  the  intra-prismatic  pillars 
described  above.  Indeed,  his  pi.  11,  fig.  22  shows  these  cup-shaped  areas  apparently 
roofed  over  by  an  uneroded  outer  layer,  which  would  be  consistent  with  prism-dictated 
sandwich  replacement.  The  prisms  would  then  measure  under  1 mm.  in  diameter,  with 
interprismatic  septa  1 jx  wide.  If  this  should  be  the  case,  the  interpretation  of  ornament 
as  a character  in  the  specific  and  generic  differentiation  of  ostracods  will  need  more 
drastic  revision  than  even  Kesling  has  attempted. 

5.  Polygons.  Text-fig.  3:  13,  and  Plate  7,  fig.  7 show  polygonal  outlines  preserved  in 
collophane  from  30.3  carapace  rim  1.  The  polygonal  fields  can  only  be  seen  where 
laminae  have  split  away  above  the  two  areas  which  are  about  2 jx  thick.  Focusing  has  to 
be  either  above  or  below  the  section  to  bring  out  the  denser,  amber-coloured  boundaries 
which  are  4 /x  wide.  One  pore  is  present  in  the  centre  of  each  field,  but  where  the  interfield 
boundaries  are  faint  or  possibly  absent,  the  polygons  contain  more  than  one.  The 
diameter  of  the  polygons  is  12-35  jx,  but  larger  ones  with  more  than  one  pore  are  up 
to  65  /X  in  diameter.  Most  of  the  pores  are  surrounded  by  a patchy,  concentric  zoning, 
or  ‘granulation’. 

The  only  comparable  structures  from  modern  cuticles  are  the  prisms  previously  de- 
scribed. The  presence  of  only  one  pore  per  polygon  would  then  indicate  a gland  or  setal 
duct  origin  for  all  the  pores ; their  density,  and  relation  to  the  genuine  prisms  described 
above,  does  not  favour  this,  however.  They  may  possibly  be  the  scars  of  inter-laminar 
spUtting,  homologous  to  the  holes  and  bumps  described  above.  They  only  differ  from 
these  in  their  fainter  and  generally  more  ‘organic’  appearance  (cf.  Plate  7,  figs.  6-7). 
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Cayeux’s  polygonal  areas  are  similar,  but  with  much  thicker  walls  and  consequently  a 
much  lower  pore  density.  Their  significance  has  already  been  discussed. 

SECONDARY  MICROSTRUCTURES 

These  structures  were  formed  by  external  influences,  probably,  but  not  necessarily, 
after  death  of  the  individual  or  moulting  of  the  exuvia  (i.e.  ‘exogenous  structures’). 

1 . Vermiform  tubules.  Almost  all  the  preparations  examined  show  fragments  of  cuticle 
penetrated  by  haphazardly  arranged,  anastomosing,  meandering  and  convoluted  tubules. 
Typical  specimens  are  shown  on  Plate  7,  fig.  8,  text-fig.  3:  14,  15,  16.  Their  diameter 
varies  from  8 ytt  to  38  ;u. 

The  tubules  were  clearly  produced  by  some  boring  organism,  before  or  after  death  or 
moult  of  the  crustacean  host.  Algae,  fungi,  sponges,  bryozoa,  worms,  lamellibranchs, 
echinoids,  and  cirripedes  penetrate  the  shells  of  marine  organisms,  but  Elias’  criteria 
(1957,  pp.  379-83,  389-92)  exclude  all  but  the  first  three  from  being  responsible  for  the 
present  tubules  (see  also  Lessertisseur  1955,  pp.  81-82).  They  most  closely  resemble 
borings  termed  CHonoHtJies  reptans  by  Clarke  (1921,  pp.  100-1)  which  have,  in  part, 
been  referred  to  thallophyte  perforants  (Elias  1957,  pp.  380-1).  Clarke  also  figures 
^Clionolithes"  borings  from  the  Devonian  phyllocarid  Echinocaris  (1921,  fig.  86,  p.  100). 
Records  of  aquatic  saprophytic  or  parasitic  algae  and  fungi  boring  through  calcareous 
tests  are  given  by  Atkins  (1929),  Bonar  (1936),  Clarke  (1921,  pp.  81-85),  Pia  (1927), 
Schafer  (1938),  and  Stormer  (1931).  Spjeldnaes  mentions  Ludlovian  bryozoan  pearls 
attacked  by  algae  and  ‘thread  moulds’  (1950,  p.  213).  It  seems  wiser  not  to  apply  Lin- 
nean  nomenclature  to  such  borings,  for  the  reasons  outlined  by  Joysey  (1959,  p.  400).  . 

The  holes  in  the  test  of  Dietyocaris  were  also  probably  produced  by  a borer,  but  these 
are  far  larger  in  size,  generally  3-5  mm.  in  diameter  (Stormer  1935,  pp.  275-6).  " 

2.  Holes  and  bumps.  In  the  macerated  preparations  a number  of  larger  circular  holes 
can  be  seen.  These  may  affect  only  the  superficial  lamina  of  a fragment  and  thus  one  or 
more  canals  may  be  seen  penetrating  the  underlying  intact  laminae  within  the  boundary 
of  the  hole,  as  shown  by  text-fig.  3:3,4.  With  careful  focusing  the  sides  of  the  holes  may 

be  seen  to  converge  downwards  like  a funnel.  There  appear  to  be  two  distinet  groups  of  j 
holes:  smaller  holes  leading  down  to  only  one  canal  (text-fig.  3:  3)  and  larger  ones  en- 
compassing many  (text-fig.  3 : 4).  The  former  group  has  a counterpart  in  the  form  of 
subcircular  elevations  or  bumps,  the  summits  of  which  are  pierced  by  a single  canal. 
Some  of  these  bumps  are  shown  on  Plate  7,  fig.  6.  The  relation  of  the  bumps  to  smaller 
holes  is  as  cameo  to  intaglio.  This  is  clearly  shown  by  the  illustrated  specimen  which  has 
its  intaglio  preserved  in  Marco  cast  29i  carapace.  It  is  diffieult  to  understand  why 
laminae  should  split  apart  in  this  way ; it  presumably  indicates  that  the  laminae  adhere 
to  one  another  more  strongly  in  the  immediate  vicinity  of  the  canals  than  they  do  in  the 
peripheral  areas.  This  contradicts  the  earlier  observation  that  laminae  may  split  apart 
and  be  filled  with  calcite  around  the  canals. 

The  larger  holes  are  undoubtedly  secondary  features  formed  by  etching  away  of  the 
calcite  replacement  blebs  and  columns  during  the  macerating  proeess.  This  explains  their 
variation  in  size  and  density.  Text-fig.  4 shows  several  of  these  larger  holes  on  its  top 
surface  and  their  relation  to  the  laminae  and  replacement  columns  is  described  above. 
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3.  Cracks.  Although  veinlets  cut  the  majority  of  fossils  in  the  concretions,  they  rarely 
show  any  significant  form.  Text-fig.  1 and  Plate  8,  fig.  3 of  5 mandible  1 show  a number 
of  calcite-filled  cracks  of  peculiar  shape.  The  thick  collophane  in  the  main  body  of  the 
mandibular  tooth  is  pierced  by  a loose  mass  of  calcite-filled  fissures  up  to  0-013  mm. 
wide.  Generally,  they  follow  an  irregular  path  but  in  several  places  they  encircle  oval 
areas  of  collophane  0-14  mm.  in  diameter.  Thin  strands  of  collophane  cross  this  calcite 
infilling  at  irregular  intervals.  The  cracking  was  probably  caused  by  forceful  calcite 
replacement  (Carrozzi  1960,  p.  396).  Associated  with  this  replacement  fracturing  is  a 
conspicuous  absence  of  calcite  from  almost  all  the  canals  and  vermiform  tubules. 
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EARLY  SPECIES  OF  THE  BRYOZOAN  GENUS 
PHAENOPORA  FROM  THE  CARADOC  SERIES, 

SHROPSHIRE 

by  JUNE  PHILLIPS  ROSS 


Abstract.  The  Caradocian  cryptostome  Phaeiwpora  stubblefieldi  sp.  nov.  from  the  Hoar  Edge  Group,  Shrop- 
shire, is  one  of  the  oldest  known  species  of  Phaenopora.  Its  morphologic  features  suggest  a relation  within  the 
phylogenetic  sequence  of  the  escharoporid  group  that  has  its  oldest  known  representative  in  the  Chazy  Series, 
North  America.  This  group  also  includes  the  later  Ordovician  and  Silurian  genera:  Escharopora,  Gmptodictya, 
Ptilodictya,  Stictoporella,  Phaenopora,  and  Clathropora. 


In  south  Shropshire  in  the  region  of  Evenwood  and  Harnage  (text-fig.  1)  the  lower  part 
of  the  Caradoc  Series  is  represented  by  the  Hoar  Edge  Group  (Pocock  et  al.  1938, 
pp.  82-85),  about  100  feet  thick.  At  its  base  the  Lower  Sandstone  and  Conglomerate 
(Dean  1960,  p.  155)  rests  unconformably  on  older  rocks.  These  beds  are  exposed  in  the 
Evenwood  quarry  where  a 15-foot  section  (text-fig.  2)  contains  graptolites  of  the  Nema- 
graptiis  gracilis  Zone  in  its  lower  part.  The  graptolites  include  the  following  species  as 
listed  in  Pocock  et  al.  (1938,  p.  250) : Dicellograptus  sextans  (Hall),  Didyniograptus  siiper- 
stes  Lapworth,  N.  gracilis  (Hall),  N.  gracilis  (Hall)  var.  remotiis  Elies  and  Wood,  and 
Orthograptus  cf.  O.  calcaratus  (Lapworth)  var.  acutus  Elies  and  Wood.  The  brachiopod 
Harknessella  subplicata  Bancroft  is  sparsely  distributed  in  these  beds.  The  overlying 
Hoar  Edge  Limestone  (Dean  1958,  p.  215;  1960,  p.  155)  in  Evenwood  quarry  contains 
abundant  specimens  of  the  brachiopod  H.  subquadrata  Bancroft  and  abundant  speci- 
mens of  the  bryozoan  Phaenopora  stubblefieldi  sp.  nov.  which  was  previously  referred, 
by  early  geologists,  to  ‘'Favosites  fibrosus'.  This  association  of  species  appears  to  charac- 
terize a calcarenitic  horizon  in  the  upper  part  of  the  Hoar  Edge  Group  in  the  north- 
eastern exposures  of  the  Caradoc  Series  in  south  Shropshire. 

Succeeding  sandstone  and  shale  beds  in  the  Harnage  area  that  were  placed  in  the 
Hoar  Edge  Group  by  Pocock  et  al.  (1938)  were  reassigned  to  the  Harnage  Group 
(Dean  1958,  p.  198)  because  they  contain  graptolites  regarded  as  characterizing  the 
Diplograptus  nndtidens  Zone.  The  graptolites  listed  by  Pocock  et  al.  (1938,  pp.  250-1) 
included  Climacograptus  cf.  C.  brevis  Elies  and  Wood,  C.  eaudatus  Lapworth,  C.  mini-  j 
mus  (Carruthers),  Dendrograptus  sp.,  Dictyonema  cf.  D.flidtans  Bulman,  Diplograptus 
multidens  Elies  and  Wood  var.  compactus  Elies  and  Wood,  Orthograptus  calcaratus  \ 
(Lapworth)  var.  vulgatus  Elies  and  Wood,  O.  tnmcatus  Lapworth,  O truncatus  var.  inter-  j 
medius  Elies  and  Wood,  and  O.  truncatus  var.  pauperatus  Elies  and  Wood.  j 

Environment  of  deposition.  Phaenopora  stubblefieldi  sp.  nov.,  the  oldest  known  species  of  | 
Phaenopora,  occurs  in  a brachiopod-bryozoan  biosparite  (Tib;  La,  in  classification  of 
Folk,  1959).  In  addition  to  the  very  abundant  colonies  of  P.  stubblefieldi  two  trepostome 
species  are  common.  These  trepostome  colonies  show  zooecial  tubes  infilled  with  clear 
sparry  calcite  and  these  contrast  strongly  with  the  short  zooecial  tubes  of  P.  stubblefieldi 
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TEXT-FIG.  1.  Index  map  of  Evenwood-Harnage  area;  cross-shading  shows  outcrop 
of  Caradocian  rocks  south  of  Evenwood.  (After  Callaway,  C.,  1877,  Quart.  J.  geol. 

Soc.  London,  33,  645). 
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TEXT-FIG.  2.  Measured  section  of  Hoar  Edge  Group  in  Evenwood  quarry  (after 

Pocock  et  al.  1938). 
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which  are  infilled  with  terrigenous  (quartz  and  chlorite  predominantly)  and  carbonate 
material  similar  to  that  forming  the  rock.  These  features  of  the  brachiopod-bryozoan 
biosparite  suggest  continuous  sorting  and  removal  of  the  clay-  and  silt-size  fraction  by 
persistent  currents.  They  were  possibly  deposited  in  a sublittoral  zone  of  at  least  10 
fathoms  because  Stach  (1936)  indicates  that  present-day  cheilostomes  with  bifoliate, 
foliaceous  colonies  occur  in  such  zones. 

Phaenopora  superba  from  the  early  Silurian  of  Anticosti  Island,  Canada,  also  occurs 
in  a brachiopod-bryozoan  biosparite  which  suggests  a similar  environment  of  deposition. 


ESCHAROPORID  GROUP 


TEXT-FIG.  3.  Stratigraphic  range  in  the  Ordovician  of  certain  genera  of  the  escharoporid  group. 


PHYLOGENETIC  RELATIONS  WITHIN  THE  ESCHAROPORID  GROUP 

The  oldest  known  occurrence  of  representatives  of  the  escharoporid  group  is  a genus 
that  ranges  through  most  of  the  standard  Chazy  Series  of  North  America  (text-fig.  3; 
Ross,  in  press).  Bifoliate,  strap-shaped  colonies  of  this  genus  have  zooecia  in  longitudi- 
nal ranges,  numerous  pustules  in  the  outer  peripheral  parts  of  the  zooecial  walls,  a 
simple  mesotheca,  no  heinisepta,  and  the  typical  escharoporid  zooecial  wall  structure. 

Phaenopora  stiibblefieldi  sp.  nov.  in  the  Caradoc  Series  is  the  second  oldest  known 
representative  of  the  escharoporid  group  (text-fig.  3).  This  Caradocian  species  of  P/icrcno- 
pora  with  bifoliate,  explanate  colonies  has  numerous  mesopores  in  the  outer  peripheral 
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regions  of  the  zooecial  walls,  no  hemisepta,  and  the  typical  escharoporid  zooecial  wall 
structure.  Ulrich  (1893)  described  P.  wilmingtonemis  from  the  Cincinnatian  of  Illinois; 
and  P.  siiperba  (Billings)  of  Anticosti  Island,  Canada,  is  a Silurian  representative  ranging 
into  beds  equivalent  to  the  Upper  Llandovery.  Astrova  (1955)  reported  late  Ordovician 
species  of  Phaenopora  in  the  U.S.S.R.  and  regarded  the  genus  as  ranging  into  beds 
equivalent  to  the  Wenlockian.  Stictoporella  extending  through  the  Cincinnatian  in 
eastern  United  States  and  Canada  and  the  late  Ordovician  of  the  U.S.S.R.  is  morpho- 
logically similar  to  Phaenopora.  Stictoporella  differs  from  Phaenopora  in  the  form  of  its 
colony  which  is  strap-shaped  and  in  the  numerous,  regularly  arranged  mesopores  that 
line  the  margins  of  the  narrow  branches. 

Clathropora  and  Ptilodictya  are  similar  in  having  subrectangular  zooecial  openings, 
wide  zooecial  walls  with  typical  escharoporid  wall  structure,  no  mesopores,  no  acantho- 
pores,  and  poorly  dehned  hemisepta.  The  two  genera  differ  in  the  form  of  their  colonies 
and  arrangement  of  the  zooecia.  Clathropora  has  reticulate  colonies  in  which  the  zooecia 
are  in  longitudinal  ranges  and  Ptilodictya  has  non-bifurcate  stems  with  the  longitudinal 
ranges  set  off  in  a median  series  and  two  lateral  series.  Escharopora  is  similar  to  Clathro- 
pora and  Ptilodictya  in  its  zooecial  wall  structure  and  in  its  lack  of  acanthopores  and 
mesopores.  However,  Escharopora  differs  in  having  rhomboidal  zooecial  openings  in 
diagonal  pattern  across  non-bifurcate  stems  and  a lamellate  mesotheca.  Graptodictya  is 
similar  to  Clathropora  and  Ptilodictya  in  its  zooecial  wall  structure  and  lack  of  mesopores 
and  acanthopores.  This  genus  is  characterized  by  oval  to  round  zooecial  openings, 
pustulose  zooecial  walls  at  the  zoarial  surface,  bifurcating  strap-shaped  branches,  and 
short  hemisepta. 


SYSTEMATIC  PALAEONTOLOGY 

Order  cryptostomata 

ESCHAROPORID  GROUP 

Diagnostic  characters  of  group.  Bifoliate  colonies  having  ribbon-shaped  or  explanate 
forms  of  growth.  Zooecia  are  aligned  in  longitudinal  ranges.  Zooecial  walls  commonly 
are  penetrated  by  mesopores  in  the  outer  peripheral  region  where  thickening  of  the  walls 
occurs.  Acanthopores  are  absent.  Zooecia  grow  at  a low  angle  from  simple  mesotheca 
that  lacks  median  tubuli.  Zooecial  walls  are  thin  and  longitudinally  laminate  in  this 
inner  mesothecal  region.  Abrupt  thickening  of  the  zooecial  walls  and  sudden  bending 
of  the  zooecial  tubes  marks  the  beginning  of  the  outer  peripheral  region.  In  this  region 
the  zooecial  walls  have  a distinctive  laminate  microstructure.  The  inner  parts  of  the 
zooecial  walls  adjacent  to  the  zooecial  tubes  consist  of  steeply  inclined,  distally  sloping 
laminae ; the  outer  parts  of  the  zooecial  walls  consist  of  broadly  curving,  distally  convex 
laminae.  These  laminae  intertongue  with  laminae  of  adjacent  zooecia  to  form  amalga- 
mate walls. 

Remarks.  This  diagnosis  is  based  on  the  morphology  of  Escharopora  Hall,  Ptilodictya 
Lonsdale,  Graptodictya  Ulrich,  Stictoporella  Ulrich,  Phaenopora  Hall,  and  Clathropora 
Hall.  Phillips  (1960,  p.  17)  grouped  Escharopora,  Graptodictya,  and  Stictoporella  into 
the  informally  named  taxonomic  category  of  the  escharoporid  group  and  Ross  (1960, 
pp.  1063-4;  Ross  1961,  pp.  331-2)  included  Phaenopora  and  Ptilodictya. 
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Genus  phaenopora  Hall 


Type  species.  Phaenopora  explanata  Hall  1852,  pp.  46-47,  pi.  18,  figs.  6a,  b,d,e;  Cataract  Group,  Lower 
Silurian,  Canada;  designated  by  Ulrich  (1890,  p.  392). 

Diagnosis.  See  Hall  1851,  p.  399;  1852,  pp.  46-47;  Ross  1961,  p.  332.  Here  restated: 
Bifoliate,  explanate  colonies  having  zooecia  in  longitudinal  ranges.  Two  mesopores  are 
regularly  located  in  longitudinal  zooecial  walls  between  adjacent  zooecia.  These  meso- 
pores extend  the  complete  depth  of  the  thickened  peripheral  region.  Additional  meso- 
pores commonly  surround  the  zooecia  but  may  extend  only  a short  distance  below  the 
surface  of  the  colonies.  Acanthopores  and  median  tubuli  are  absent.  Superior  hemisepta 
may  occur  at  the  base  of  the  thickened,  peripheral  region. 

Occurrence.  Late  Ordovician  and  early  Silurian  of  North  America  and  Russia ; Ordovi- 
cian (Caradocian)  of  England. 

Phaenopora  stubblefieldi  sp.  nov. 

Plate  9,  figs.  1-12 

Material.  Holotype  GSM  99396;  paratypes  GSM  99395,  99397,  99398.  From  top  part  of  quarry  at 
east  end  of  Black  Dick’s  coppice,  300  yards  south  of  Evenwood,  Shropshire;  Hoar  Edge  Limestone, 
Hoar  Edge  Group;  Caradoc  Series;  Ordovician. 

Deseription.  The  broad,  undulating,  explanate  colonies  encompass  considerable  areas; 
an  incomplete  colony  GSM  99397  covers  more  than  80  sq.  cm.  and  apparently  grew  from 
a pointed  tip  (Plate  9,  fig.  12).  The  smooth,  flat  zoarial  surfaces  have  no  distinctive 
features.  Growth  bands  are  in  regular,  curved  series  (Plate  9,  fig.  12). 

Small,  oval  mesopores  surround  the  round  to  oval  zooecial  openings  and  are  variable 
in  number  as  one  or  two  circlets  may  be  present  in  the  zooecial  walls  (Plate  9,  figs.  8, 
10,  11).  Longitudinal  ranges  of  zooecia  are  more  readily  observed  in  deep  tangential 
sections.  Maculae  consist  of  aggregations  of  numerous  mesopores,  10-20  in  0-25  to 
0-28  sq.  mm.  Simple  zooecial  tubes  lack  hemisepta  but  their  abrupt  bending  into  the 
peripheral  region  of  thickened  zooecial  walls  is  very  distinctive  (Plate  9,  figs.  3,  6,  7,  9). 
Zooecial  walls  have  typical  escharoporid  microstructure  (text-fig.  4).  In  longitudinal 
section  the  mesopores  extend  the  full  depth  of  the  thickened  peripheral  region  and 


EXPLANATION  OF  PLATE  9 

Figs.  1-12.  Phaenopora  stubblefieldi  sp.  nov..  Hoar  Edge  Group,  Caradoc  Series.  1,  Transverse  section 
showing  very  slender,  simple  mesotheca,  GSM  99398,  x 50.  2,  Oblique  transverse  section  showing 
numerous  mesopores  between  zooecial  tubes,  GSM  99395,  X20.  3,  Oblique  transverse  section 
showing  monticule,  GSM  99398,  X 20.  4,  Longitudinal  section  showing  sloping  zooecial  tubes 
bending  in  the  peripheral  region  and  numerous  mesopores  in  outer  peripheral  region  of  thickened 
zooecial  walls,  GSM  99398,  x20.  5,  Transverse  section  at  edge  of  explanate  colony,  GSM  99395, 
X 20.  6,  transverse  section  of  slender  colony,  GSM  99398,  X 20.  7,  Transverse  section  crossing 
monticule  at  upper  right,  GSM  99396,  X 20.  8,  Tangential  section  showing  numerous  mesopores  in 
zooecial  walls,  GSM  99396,  X 20.  9,  Longitudinal  section  showing  slender  zooecial  walls  penetrated 
by  numerous  mesopores  in  the  outer  peripheral  region,  GSM  99398,  X 50.  10,  Tangential  section 
showing  regularly  arranged  mesopores  in  zooecial  walls,  GSM  99396,  X 50.  11,  Tangential  section 
showing  more  numerous  mesopores  in  zooecial  walls,  GSM  99396,  X 50.  12,  General  aspect  of 
undulating,  explanate  colony,  GSM  99397,  X 1 ; proximal  pointed  tip  of  colony  at  right. 
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PLATE  9 


PHILLIPS  ROSS,  Ordovician  Bryozoa 
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TABLE  1 


Measurements  of  Phaenopora  stubblefieldi  sp.  nov.,  in  millimetres 


Catalogue  no. 

GSM  99396 

GSM  99395 

GSM  99398 

Zoarial  depth  ..... 
No.  of  zooecia  in  2 mm.: 

1-5 

2-0  to  2-2 

0-9  to  1-0 

Longitudinally  ..... 

5-7 

6-7 

5-7 

Laterally ...... 

6-7 

6-8 

7-8 

Longitudinal  interspace 

005-0-23 

0-05-0-15 

0-10-0-20 

Lateral  interspace  .... 

005-0-20 

0-08-0-20 

0-08-0-15 

Zooecial  opening.  .... 

(013-018)x 

(0-15-0-18)x 

(0-1 5-0-22)  X 

Ratio;  Width  of  zooecium  in  peripheral 

(01 2-0-20) 

(0-12-0-20) 

(0-15-0-18) 

region/width  of  zooecium 

0-57-0-60 

0-45-0-47 

0-50 

Mesopores  per  zooecium  at  zoarial  surface 

7-14 

>10 

>12 

Diameter  of  mesopores .... 

0-02-0-03 

(0-03-0-05)  X 
(0-05-0-10) 

(0-04-0-06)  X 
(0-02-0-05) 

Depth  of  mesotheca  .... 

0-01 

0-01 

0-01 

Diameter  of  mesopores  in  maculae  . 

0-02-0-06 

Not  det. 

(0-05-0-10)  X 
(0-05-0-10) 

ESOTHECA 


MESOPORES 


ZOOECIAL  TUBE 


ESOPORE 


OUTER,  PERIPHERAL 
REGION  OF  THICKENED 
ZOOECIAL  WALLS 


INNER,  MESOTHECAL  REGION 
NARROW  ZOOECIAL  WALLS 


TEXT-FIG.  4.  Diagrammatic  sketch  of  skeletal  microstructure  observed  in  longitudinal  sections  of 

Phaenopora  stubblefieldi',  approx.  X 50. 
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subdivide  the  zooecial  walls  into  regular  series  of  parallel  cylinders.  Laminate  micro- 
structure of  the  walls  lining  the  mesopores  is  the  same  as  that  lining  the  zooecial  tubes. 
Diaphragms  are  absent  in  both  zooecial  tubes  and  mesopores. 

Remarks.  Phaenopora  stubblefieldi  is  characterized  by  its  delicate,  explanate  colony 
having  exceptionally  slender  walls  in  the  inner  mesothecal  region,  abrupt  thickening  of 
its  outer  peripheral  region,  and  numerous  mesopores,  extending  the  complete  depth  of 
this  peripheral  region.  It  differs  from  P.  superba  (Billings),  early  Silurian  of  eastern 
Canada,  in  having  fewer  zooecia  per  2 mm.  laterally,  wider  zooecial  walls  (both  longi- 
tudinally and  laterally),  a narrower  peripheral  region  of  thickened  zooecial  walls,  and 
more  numerous  mesopores.  The  species  is  named  for  Dr.  C.  J.  Stubblefield  who  has 
contributed  greatly  to  the  knowledge  of  the  faunas  of  this  region. 
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SILURIAN  MONOGRAPTIDS  FROM  ILLINOIS 


by  CHARLES  A.  ROSS 


Abstract.  Six  species  of  Moiwgraptiis  are  recognized  from  five  localities  in  and  adjacent  to  Illinois.  The  basinal 
lithologies  of  the  Moccasin  Springs  Formation  in  southern  Illinois  and  south-east  Missouri  contain  M.  roemeri, 
M.  colomts,  M.  variaus  and  M.  varians  war.  pumiliisl,  M.  dubius,  and  M.  butovicensis,  and  the  inter-reef  lithologies 
in  central  and  northern  Illinois  contain  M.  bohemicus,  M.  cf.  M.  dubius,  and  M.  colomis.  These  species  are  indica- 
tive of  the  monograptid  zones  that  characterize  the  Lower  Ludlow  Shale  in  Great  Britain.  On  the  basis  of  these 
assemblages,  the  upper  part  of  the  Niagaran  Series  in  the  central  states  region,  the  Racine  Formation,  the  upper 
part  of  the  Moccasin  Springs  Formation,  the  Mississinewa  Shale  of  Indiana,  and  the  Henryhouse  Shale  of 
Oklahoma  are  beUeved  to  be  correlative  to  the  Lower  Ludlovian  of  Great  Britain.  The  accepted  correlation  of 
the  reef-bearing  Racine  Formation  with  the  Lockport  Group  of  New  York  State  suggests  that  the  Lockportian 
Stage  of  the  Niagaran  Series  in  its  type  region  is  largely,  if  not  entirely,  equivalent  to  the  Lower  Ludlovian  of  the 
type  Silurian  strata  of  Great  Britain. 


In  1960  when  mapping  the  Palaeozoic  strata  of  the  Thebes  Quadrangle,  Alexander 
County,  Illinois,  I discovered  three  beds  in  the  upper  part  of  the  Moccasin  Springs 
Formation  that  contain  abundant  and  well  preserved  specimens  of  Monograptus.  This 
discovery  led  to  the  present  investigation  of  Silurian  graptolites  from  Illinois  and 
adjacent  areas  (text-fig.  1). 

Graptolite  collections  in  the  Illinois  State  Geological  Survey  that  have  been  studied 
include  material  from  dump  piles  made  where  the  Calumet  Sag  Channel  was  excavated 
near  Blue  Island  and  from  the  nearby  Midlothian  quarry  (locality  5);  from  Moccasin 
Springs,  Missouri  (locality  2);  and  from  well  core  material  from  White  and  Christian 
Counties  (localities  3 and  4).  Roy  and  Croneis  (1931)  and  Decker  (1942)  identified 
several  species  of  graptolites  from  collections  at  the  Calumet  Sag  Channel,  and  Lowen- 
stam  (1948,  p.  79)  mentioned  the  graptolites  in  the  Midlothian  quarry  (locality  5). 
Ruedemann  (1908)  and  Bassler  (1915)  described  Silurian  graptolites  from  the  Moccasin 
Springs  Formation  near  Moccasin  Springs  (locality  2),  Missouri,  about  9 miles  north- 
north-east  of  Cape  Girardeau  and  14  miles  north  of  locality  1.  Shrock  (1928)  described 
several  graptoloids  and  dendroids  from  Silurian  outcrops  in  northern  Indiana. 

Graptolite  succession.  Graptolites  are  widely  used  throughout  the  world  for  interregional 
correlation  of  Ordovician  and  Silurian  strata.  The  British  Silurian  graptolite  sequence 
is  generally  considered  the  standard  reference  section,  but  the  graptolite  succession  in 
Bohemia  is  used  for  higher  zones  above  the  Lower  Ludlow  Shale  (Munch  1952). 

In  Great  Britain  graptolites  characteristic  of  the  upper  part  of  the  Wenlockian  include 
Cyrtograptus,  the  genus  with  a ‘branched’  rhabdosome,  and  various  species  of  Mono- 
graptus having  hooked  thecae  with  the  distal  portions  free.  Graptolites  characteristic  of 
the  lower  part  of  the  Ludlovian  are  species  of  Monograptus  having  simple  thecae  without 
free  portions  or  biform  thecae  that  have  spines  in  the  proximal  region  (Bulman  1958, 
p.  171). 

The  five  zones  of  the  Lower  Ludlovian  as  recognized  by  Elies  and  Wood  (1914, 
p.  526)  are  based  on  overlapping  zonal  assemblages  of  species.  The  zones  of  M.  nilssoni 

[Palaeontology,  Vol.  5,  Part  1,  1962,  pp.  59-72.] 
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TEXT-FIG.  1.  Stratigraphic  framework  of  the  Niagaran  strata  of  Illinois  (after  Lowenstam  1949)  and 

index  to  graptolite  localities. 

and  M.  scanicus  are  represented  by  many  of  the  same  species  and  in  many  regions  these 
two  zones  cannot  be  separated.  In  the  Cape  Phillips  Formation  on  Cornwallis  Island, 
Canada,  Thorsteinsson  (1958,  pp.  92-93)  recorded  a zone  of  M.  Wtew/o/5  above  the  zone 
of  M.  nilssoni  and  below  the  zone  of  M.  tuinescens.  This  zone  of  M.  bohemicus  occupies 
the  same  position  as  the  zone  of  M.  scanicus  in  the  standard  graptolite  succession.  In' 
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spite  of  slight  modifications  of  the  individual  zonal  limits  and  of  the  ranges  of  individual 
species,  the  four  lowest  Lower  Ludlovian  graptolite  assemblages  (zones  32  to  35,  Elies 
and  Wood  1914)  grouped  together  represent  a remarkably  distinctive  fauna.  The  over- 
lying  zone  of  M.  leintwardinensis  (zone  36,  Elies  and  Wood)  appears  to  be  equally 
distinctive  and  is  commonly  used  to  mark  the  ‘Middle  Ludlovian’  in  central  Europe 
and  Canada. 


TEXT-FIG.  2.  Columnar  sections  at  graptolite  localities  1 to  4 indicating  stratigraphic  position  of  the 

individual  collections. 


STRATIGRAPHIC  OCCURRENCES  AND  GRAPTOLITE  ASSOCIATIONS 

The  columnar  sections  (text-fig.  2)  indicate  the  stratigraphic  positions  of  the  graptolite 
samples  except  for  the  Lecthayles-hQa.rmg  shale  collections  (locality  5),  the  stratigraphic 
position  of  which  apparently  lies  near  the  top  of  the  inter-reef,  still-water  deposits  of  the 
Racine  Formation  (late  Niagaran)  of  the  Blue  Island  area. 

In  placing  the  graptolites  in  the  stratigraphic  sequence  of  the  Niagaran  strata  of 
Illinois,  the  summary  and  stratigraphic  framework  of  Lowenstam  (1949)  who  differen- 
tiated three  broad  depositional  environments  in  Illinois  during  Niagaran  time  (text-fig. 
1)  is  followed.  In  southern  Illinois  the  lithologies  of  the  St.  Clair  and  Moccasin  Springs 
Formations  of  the  Bainbridge  Group  represent  progressively  deeper  basin  deposits.  The 
St.  Clair,  a pink  crinoidal  limestone,  thickens  northward.  The  Bainbridge  Group  is 
about  300  feet  thick  adjacent  to  the  reef-bearing  low-clastic  belt.  The  broad  low-clastic 
belt  of  the  Thorn  Group  where  it  extends  north-eastward  across  central  Illinois  has 
several  reefs  400  to  nearly  1,000  feet  thick  that  adjoin  inter-reef  deposits  only  100  to 
200  feet  thick.  The  diverse  reef  and  inter-reef  limestone  lithologies  intertongue  with  one 
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another,  with  the  silty  basin  deposits  of  the  Moccasin  Springs  Formation  to  the  south, 
and  with  the  dolostone  of  the  Niagaran  Coe  Group  of  the  clastic-free  belt  to  the  north- 
west. Three  of  the  graptolite  collections  studied  are  from  the  highly  clastic  strata  of  the 
Moccassin  Springs  Formation  in  the  southern  part  of  Illinois  and  south-eastern  Missouri, 
and  two  are  from  the  inter-reef  strata  of  the  Thorn  Group  in  central  and  northern 
Illinois  (text-fig.  1). 

Because  of  great  topographic  relief  associated  with  reef,  inter-reef,  and  basin  deposits 
of  the  Niagaran  strata,  the  stratigraphic  relations  between  the  Silurian  and  Devonian 
strata  in  Illinois  are  complex.  In  the  southern  part  of  Illinois  the  silty  shale  at  the  top 
of  the  Moccasin  Springs  Formation  passes  with  apparent  conformity  upwards  into  the 
cherty  siltstone  of  the  lower  part  of  the  Bailey  Formation  which  is  believed  to  be  Helder- 
bergian  (early  Devonian)  in  age  (Cooper  et  al.  1942).  The  graptolite-bearing  beds  are 
20  to  30  feet  below  this  gradational  Silurian-Devonian  (Moccasin  Springs-Bailey) 
boundary  in  southern  Illinois.  In  Christian  County  the  cherty  dolostone  of  the  Thorn 
Group  (Niagaran)  is  overlain  by  the  black  shale  of  the  New  Albany  (late  Devonian), 
the  greater  part  of  the  Devonian  being  missing  over  the  high  elevations  of  the  Niagaran 
reefs.  In  northern  Illinois  Devonian  beds  do  not  directly  overlie  the  Racine  Formation 
near  Blue  Island  (Willman  1943). 

Locality  1.  From  the  upper  part  of  the  Moccasin  Springs  Formation  along  Salamans 
Creek  (SW  sec.  3,  T.  15  S.,  R.  3 W.)  in  Alexander  County,  Illinois,  three  silty  bands 
contain  well-preserved  species  of  Monograptiis  and  have  the  most  diverse  assemblages 
of  the  collections  studied  (Table  1).  The  species  are  Monograptus  roemeri  (Barrande), 
M.  varians  Wood,  M.  variafis  var.  pimiilusl  Wood,  M.  cf.  M.  diibius  (Suess),  and  M.  colo- 
nus  (Barrande).  M.  roemeri  and  M.  colonus  are  the  most  abundant  species  in  the  highest 
graptolite-bearing  band,  and  M.  colonus  is  the  most  abundant  in  the  lowest  band. 
Except  for  M.  dubiiis,  these  species  are  restricted  to  one  or  both  of  the  zones  of  M.  nilssoni 
and  M.  scanicus  in  Great  Britain  (zones  33  and  34,  Elies  and  Wood  1914,  p.  523) 
(Table  1)  and  indicate  a close  correlation  of  the  upper  part  of  the  Moccasin  Springs 
Formation  with  the  Lower  Ludlovian  of  Great  Britain. 

Locality  2.  The  type  section  of  the  Moccasin  Springs  Formation  f mile  south  of  Mocca- 
sin Springs,  Missouri,  9 miles  north-north-east  of  Cape  Girardeau,  has  numerous 
specimens  of  poorly  preserved  Monograptus.  Ruedemann  (1908,  p.  459)  described 
specimens  from  this  locality  as  Cyrtograptus  ulrichi  but  the  description  is  based  on 
fragments  which  Ruedemann  considered  to  be  secondary  branches  and  he  did  not 
observe  a main  branch.  Thus  the  reference  to  Cyrtograptus,  a Wenlockian  genus,  was 
made  on  indirect  evidence  (Ruedemann  1947,  p.  496),  and  species  of  this  genus  have 
not  been  found  at  this  locality.  Specimens  examined  from  this  locality  consist  of  abun- 
dant rhabdosomes  of  M.  varians,  M.  dubius,  and  M.  butovicensis  (Boucek)  aligned  more 
or  less  parallel  and  piled  in  several  layers.  Specimens  overlying  one  another  were 
apparently  mistaken  for  Cyrtograptus.  In  several  places  on  a bedding  plane,  spined 
thecae  and  siculae  of  the  proximal  regions  of  rhabdosomes  directly  overlie  the  aper- 
tural  regions  of  other  rhabdosomes,  and  this  arrangement  suggests  that  the  spines  may 
have  been  caught  on  the  underlying  specimens.  This  pattern  may  have  been  interpreted 
for  a cyrtograptid. 

The  appearance  of  Monograptus  varians  and  M.  butovicensis  suggest  that  the  two 
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collections  from  locality  2 (Table  1)  are  part  of  the  zones  of  M.  uilssoni  and  M.  scanicus 
(zones  33  and  34,  Elies  and  Wood  1914,  p.  523).  These  species  suggest  that  the  graptolite- 
bearing  beds  of  the  type  section  of  the  Moccasin  Springs  Formation  are  equivalent  in 
age  to  the  graptolite-bearing  beds  in  the  formation  14  miles  to  the  south  along  Salamans 
Creek  and  to  the  Lower  Ludlow  Shale  of  Great  Britain  and  central  Europe. 

TABLE  1 

Distribution  of  species  of  Monograptus  at  localities  studied  in  Illinois  and  south- 
eastern Missouri,  and  their  occurrence  in  the  British  Ludlovian  graptolite  assemblage 
zones  as  reported  by  Elies  and  Wood  (191 1,  p.  523).  (c  = very  common,  x = common, 
r = rare) 


Illinois  and  S.E.  Missouri 

Great  Britain 

Zone  of 

Zone  of 

Zone  of 

Locality 

1 2 3 4 5 

M.  vulgaris 

M.  nilssoni 

M.  scanicus 

A B C A B 

32 

33 

34 

M.  bohemicus 

X 

X 

X 

M.  roemeri 

X 

X 

X 

M.  various 

XX  X 

X 

var.  pumilus? 

r r 

c 

X 

M.  dubius 

XXX 

X 

c 

X 

M.  cf.  M.  dubius 

r r X 

M.  colonus 

C C C X X 

X 

M.  biitoviceusis 

c c 

(Lower  Ludlovian  of  central  Europe) 

Locality  3.  In  White  County,  south-eastern  Illinois,  the  core  from  Superior-Ford  C-17 
well,  from  which  Collinson  and  Schwalb  (1955)  described  Chitinozoa  (sec.  27,  T.  4 S., 
R.  14  W.),  at  a depth  of  5,828  feet  has  a few  broken  rhabdosomes  of  Monograptus  colomis 
and  M.  cf.  M.  dubiiis  preserved  in  black  silty  shale  near  the  top  of  the  Moccasin  Springs 
Formation.  In  Great  Britain  these  two  species  occur  together  in  the  zones  of  M.  nilssoni 
and  M.  scanicus. 

Locality  4.  In  Christian  County,  central  Illinois,  the  well  core  from  the  Wrather  No.  1, 
Thompson  well,  sec.  15,  T.  15  N.,  R.  2 W.,  at  a depth  of  1,875  to  1,897  feet  has  Mono- 
graptus bohemicus  (Barrande),  Dendrograptus  sp.,  and  Callograptus  sp.  in  silty,  thin- 
bedded  dolomitic  limestone  of  the  Thorn  Group.  Decker  (1935,  p.  440)  reported  M. 
bohemicus  from  the  lower  part  of  the  Henryhouse  Shale  of  Oklahoma  and  recognized 
its  Ludlovian  affinities.  A closely  similar  species  M.  falciformis  Shrock,  is  known  from 
the  inter- reef  Mississinewa  Shale  of  northern  Indiana  (Shrock  1928,  p.  35).  Thorsteinsson 
(1958,  p.  92)  recorded  M.  bohemicus  from  the  Cape  Phillips  Formation  of  Cornwallis 
Island  in  the  Canadian  Arctic  Archipelago.  In  Europe  M.  bohemicus  occurs  in  the  zones 
of  M.  nilssoni  and  M.  scanicus  (Elies  and  Wood  1914,  p.  523)  in  the  Lower  Ludlow  Shale 
of  Great  Britain  and  it  is  distributed  widely  in  equivalent  strata  in  central  Europe  and 
Scandinavia. 

Locality  5.  In  the  Blue  Island  area  south-west  of  Chicago,  Illinois,  two  localities  in  the 
Lecthayles-hQ2LX\ng  shale,  Racine  Formation  (Thorn  Group),  have  yielded  monograp- 
tids;  these  are  the  dredge  piles  along  the  Calumet  Sag  Channel  just  west  of  the  Grand 
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Trunk  Railway  bridge  at  Blue  Island  and  the  Midlothian  quarry  2 miles  to  the  south- 
west on  Crawford  Avenue.  From  the  Lecthayles-bQdinng  shale,  Roy  and  Croneis  (1931, 
p.  245)  and  Decker  (1942,  p.  861)  reported  three  species  of  Dictyonema,  one  species  of 
Paleodictyota,  one  species  of  Desmograptus,  the  Wenlockian  species,  Monograptus 
vomerinus,  and  its  variety  M.  vomerinus  var.  basilicus.  The  monograptids  examined  in 
this  study  from  the  Midlothian  quarry  have  biform  thecae  and  are  most  closely  similar 
to  M.  colonus  (Barrande).  The  collection  from  the  dredge  piles  along  the  Calumet  Sag 
Channel  also  has  M.  colonus  and,  in  addition,  M.  cf.  M.  diibiiis  (Suess).  The  distal  parts 
of  these  specimens  of  M.  co/oz/iw  agree  closely  with  illustrations  given  by  Decker  (1942, 
p.  861).  Both  M.  colonus  and  M.  dubiiis  are  common  in  the  zones  of  M.  nilssoni  and  M. 
scanicus  in  Great  Britain  and  Scandinavia. 

Of  palaeoecological  interest  is  the  abundance  of  dendroid  genera  in  the  inter-reef 
lithologies  of  the  Thorn  Group,  as  in  the  core  from  Christian  County,  in  the  Lecthayles- 
bearing  shale  at  Blue  Island,  and  in  the  Mississinewa  Shale  of  Indiana,  and  the  scarcity 
of  these  genera  in  the  basinal  shales  of  the  Moccasin  Springs  Formation.  Cumings  and 
Shrock  (1928,  pp.  62-63)  noted  the  similarities  of  the  many  species  of  dendroids  from  the 
Mississinewa  Shale  to  the  assemblage  reported  from  the  Lockport  Limestone  at  Hamil- 
ton, Ontario,  and  to  those  from  the  Gasport  Limestone  of  the  Lockport  Group  in 
western  New  York. 

Elsewhere  in  eastern  North  America,  at  Arisaig,  Nova  Scotia,  McLearn(1924,pp.  15, 
26)  described  the  Lower  Ludlovian  Monograptus  wandalensis  Watney  and  Welch  from 
the  upper  part  of  the  McAdam  Formation,  and  Berry  (1960)  described  an  assemblage 
of  Lower  Ludlovian  monograptids  from  near  Ashland,  Maine.  From  Oklahoma  Decker 
(1935)  described  Lower  Ludlovian  graptolites  from  the  Henryhouse  Shale. 

Correlation.  This  study  of  Silurian  graptolites  from  Illinois  suggests  a solution  to  several 
apparent  conflicts  in  correlation  within  the  central  states  region  and  offers  strong 
support  for  correlation  of  the  Lockportian  Stage  of  the  Niagaran  Series  with  the  Lower 
Ludlovian  of  Great  Britain. 

On  the  basis  of  monograptid  assemblages,  the  upper  part  of  the  Niagaran  strata  in 
the  central  states  region  (the  Racine  Formation,  the  upper  part  of  the  Moccasin  Springs 
Formation,  the  Mississinewa  Shale,  and  the  Henryhouse  Shale)  are  correlated  with  the 
Lower  Ludlow  Shale  of  Great  Britain.  The  correlation  of  the  reef-bearing  Racine 
Formation  with  the  Lockport  Group  of  New  York  State  (Swartz  et  al.  1942)  suggests 
that  the  Lockportian  Stage  of  the  Niagaran  Series  in  its  type  region  is  largely,  if  not 
entirely,  equivalent  to  the  Lower  Ludlovian  of  the  type  Silurian  strata  of  Great  Britain. 

Acknowledgements.  I am  indebted  to  J.  P.  Ross,  Illinois  State  Geological  Survey-University  of  Illinois, 
for  much  helpful  advice  on  the  graptolites,  and  H.  B.  Willman,  D.  H.  Swann,  and  C.  W.  Collinson, 
also  of  the  Survey,  for  critically  reading  the  manuscript. 


SYSTEMATIC  DESCRIPTIONS 
Monograptus  bohemicus  (Barrande) 

Text-figs.  5g,  h,  j 

Graptolithiis  bohemicus  Barrande  1850,  p.  40,  pi.  1,  figs.  15-18. 

Monograptus  bohemicus  Wood  1900,  p.  483,  fig.  25,  pi.  25,  figs.  21a,  b;  Elies  and  Wood  1911, 
p.  367,  fig.  239,  pi.  36,  figs.  4a-d. 
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Description.  Rhabdosonies  are  curved  ventrally  in  their  proximal  region  but  after  arch- 
ing about  120  degrees  the  distal  portions  of  the  rhabdosomes  become  nearly  straight. 
In  specimens  examined  the  sicula  has  been  observed  only  in  scalariform  view  and  most 
specimens  have  their  rhabdosomes  broken  at  the  base  of  very  short  (1-0  mm.)  thecae. 
The  earliest  thecae  observed  are  short  and  broad,  overlapping  one  another  about  one- 
half  their  length.  Twelve  thecae  in  1 cm.  are  common  for  the  proximal  part.  Succeeding 
thecae  become  markedly  more  elongate,  have  larger  apertures,  and  overlap  one  another 
for  about  one-third  their  length  with  eight  thecae  in  1 cm.  In  the  distal  part  of  the  rhab- 
dosome,  thecae  are  0-8  mm.  wide  and  2-0  mm.  long  and  are  inclined  at  about  30  degrees. 
Thread-like  processes  are  commonly  seen  on  the  dorsal  side  near  the  fourth  theca. 

Remarks.  These  specimens  agree  closely  with  the  descriptions  and  illustrations  given  by 
Elies  and  Wood  (1911,  p.  367),  Wood  (1900,  p.  483)  who  restudied  Barrande’s  original 
specimens,  and  Ruedemann  (1947,  p.  474)  for  Monograptus  bohemicus.  M.  faJciformis 
Shrock  (1928)  is  closely  similar  but  differs  in  having  wider  rhabdosomes  and  more 
numerous  thecae  (13  in  8-5  mm.).  In  the  Illinois  samples  M.  bohemicus  is  associated  with 
species  of  Dendrograptus  and  Callograptus.  In  North  America  M.  bohemicus  has  been 
reported  by  Decker  (1935,  p.  440)  from  the  lower  part  of  the  Henryhouse  Shale  of 
Oklahoma,  and,  according  to  Ruedemann  (1947,  p.  474),  M.  falciformis  from  the 
Mississinewa  Shale  of  Indiana  may  also  fall  within  the  limits  of  M.  bohemicus. 

Occurrence.  Twelve  compressed  specimens  on  four  pieces  of  3-inch  well  core  from  John 
Wrather  No.  1,  T.  M.  Thompson  well  (locality  4),  Christian  County,  Illinois.  Core 
pieces  examined  are  from  1,875  to  1,897  foot  depth  in  non-reef  limestone  of  the  Thorn 
Group. 


Monograptus  roemeri  (Barrande) 

Text-fig.  3k 

Graptolithiis  roemeri  Barrande  1850,  p.  41,  pi.  2,  figs.  9-11. 

Monograptus  roemeri  (Barrande)  Wood  1900,  p.  470,  fig.  17,  pi.  25,  figs.  I3a,b;  Elies  and  Wood 
1911,  p.  397,  fig.  265,  pi.  39,  figs.  2aM. 

Description.  The  rhabdosomes  reach  5 cm.  or  more  in  length  and  are  straight  distally. 
The  proximal  tips  have  slight  ventral  curvature  and  the  rhabdosomes  widen  from  1-8  mm. 
at  the  fourth  theca  to  3-5  mm.  in  the  more  distal  thecae,  but  they  may  narrow  slightly 
in  the  last  5 mm.  The  sicula  is  0-5  mm.  wide  and  2-0  mm.  long  and  reaches  above  the 
second  thecal  aperture.  The  proximal  thecae  are  short  (1-0  mm.)  and  the  first  two  to 
four  have  single  short  spines.  Thecae  number  fifteen  in  the  basal  10  mm.  Distally  the 
thecae  are  0-8  mm.  wide  and  become  longer  reaching  a maximum  length  of  4-0  mm. 
near  the  distal  end,  eleven  to  twelve  apertures  in  10  mm.  Thecae  are  inclined  35  to  40 
degrees  to  the  nema,  overlap  one  another  nearly  three-quarters  of  their  length,  and 
commonly  are  slightly  curved  outwards. 

Remarks.  Specimens  of  Monograptus  roemeri  from  the  Moccasin  Springs  Formation 
compare  closely  with  the  descriptions  and  illustrations  given  by  Wood  (1900,  p.  470) 
and  Elies  and  Wood  (1911,  p.  397).  M.  colonus  (Barrande)  and  its  varieties  are  less 
broad  and  have  fewer  thecae  that  bear  spines. 
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TEXT-FIG.  3.  Monograptids  from  the  Moccasin  Springs  Formation,  along  Salamans  Creek,  sec.  2, 
T.  15  S.,  R.  3 W.,  Alexander  County,  Illinois  (all  figures  X4). 

A,  F,  Monograptus  cf.  M.  dubiiis  (Suess)  locality  1 A,  IGS  3639,  3640. 

B,  G,  Monograptus  various  Wood,  locality  lA,  IGS  3641,  3642. 
c,  Monograptus  colonus  (Barrande),  locality  1 C,  IGS  3643. 

D,  E,  Monograptus  various  wdiV.  pumilusl  Wood,  localities  1 A,  and  1 C,  respectively,  IGS  3644,  3645. 
H,  J,  Monograptus  colonus  (Barrande),  locality  1 A,  IGS  3646,  3647. 

K,  Monograptus  roemeri  (Barrande),  locality  1 C,  IGS  3648. 
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Occurrence.  Monograptus  roemeri  is  common  in  the  highest  collection  from  Salamans 
Creek  (locality  1 C),  Alexander  County,  Illinois,  but  was  not  present  in  other  collections 
studied. 


Monograptus  varians  Wood 
Text-figs.  3b,  g;  4a 

Monograptus  varians  Wood  1900,  p.  467,  fig.  15,  pi.  25,  figs.  14o,  h,  15,  16a,  b\  Elies  and  Wood 
1911,  p.  395,  fig.  263,  pi.  39,  figs.  6a-c. 

Description.  Rhabdosomes  2-0  cm.  or  more  in  length  have  slight  ventral  curvature  near 
the  proximal  tip  and  are  straight  distally.  The  width  increases  gradually  from  0-8  mm. 
at  the  first  thecal  aperture  to  1-8  mm.  at  1 cm.  above  the  sicula.  The  sicula  is  about 
2 mm.  long  and  0-5  mm.  wide  at  its  aperture  where  the  first  theca  appears  to  arise.  The 
first  two  or  three  thecae  have  slight  ogee  form  and  their  apertures  may  be  retro  verted. 
The  succeeding  four  or  five  thecae  are  straight  and  inclined  at  about  20  degrees  and  more 
distal  ones  are  inclined  at  30  to  35  degrees.  The  distal  thecae  are  T8  to  2-0  mm.  long 
and  0-6  to  0-7  mm.  wide  at  their  apertures  which  lack  heavy  rims.  Thecae  overlap  one 
another  about  one-half  their  length. 

Remarks.  Specimens  of  Monograptus  varians  from  the  Moccasin  Springs  Formation 
agree  closely  with  the  descriptions  given  by  Wood  (1900)  and  Elies  and  Wood  (1911). 
The  specimens  assigned  to  this  species  include  a wide  range  of  morphological  variations 
in  the  number  of  ogee  thecae  in  the  proximal  region  and  in  the  length  of  the  rhabdosome. 

Occurrence.  Monograptus  varians  is  common  in  collections  from  Salamans  Creek  (locali- 
ties 1 A and  1 B),  Alexander  County,  Illinois,  and  at  Moccasin  Springs  (locality  2 A), 
Missouri. 


Monograptus  varians  var.  putniJus^.  Wood 
Text-figs.  3d,  e 

Monograptus  varians  var.  pumilus  Wood  1900,  p.  469,  fig.  16,  pi.  25,  figs.  17a,  b\  Elies  and 
Wood,  1911,  p.  396,  fig.  264,  pi.  39,  figs.  la-c. 

Discussion.  Several  specimens  that  are  closely  similar  to  Monograptus  varians  have  shorter 
(T5  cm.)  and  broader  (2-0  mm.)  rhabdosomes  and  more  closely  spaced  thecae  (15  in 
1 cm.)  than  typical  specimens  of  M.  varians.  Only  the  first  two  thecae  are  slightly  curved. 
M.  varians  var.  pumilus  described  by  Wood  (1900)  and  by  Elies  and  Wood  (1911)  is 
very  similar  to  these  specimens  which  are  questionably  assigned  to  it. 

Occurrence.  Monograptus  varians  var.  pumilusl  is  rare  in  collections  from  Salamans 
Creek  (localities  1 A and  1 C),  Alexander  County,  Illinois. 

Monograptus  dubius  (Suess) 

Text-figs.  4d,  g,  h,  j,  k;  5k,  l 

Graptolithus  dubius  Suess  1851,  p.  115,  pi.  9,  figs.  5a,  b. 

Monograptus  dubius  Wood  1900,  p.  454,  fig.  9,  pi.  25,  figs,  la,  6;  Elies  and  Wood,  191 1,  p.  376, 
fig.  247,  pi.  37,  figs.  la-d. 
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TEXT-FIG.  4.  Monograptids  from  the  type  section  of  the  Moccasin  Springs  Formation,  | mile  south  of 

Moccasin  Springs,  Missouri  (all  figures  x4). 

A,  Monograptus  various  Wood,  locality  2 A,  IGS  3649. 

B,  c,  Monograptus  biitoviceiisis  Boucek,  locality  2 B,  IGS  3650,  3651. 

D,  G,  H,  K,  Monograptus  dubius  (Suess),  locality  2 A,  IGS  3652,  3653,  3654,  and  3655. 

J,  Monograptus  dubius  (Suess),  locality  2 B,  IGS  3656. 

E,  F,  Monograptus  biitovicensis  Boucek,  locality  2 A,  IGS  3657,  3658. 
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Description.  Rhabdosomes,  7 cm.  or  more  in  length,  have  slight  ventral  curvature  at 
their  proximal  tips  and  are  straight  distally  although  they  may  slightly  bend  in  their 
distal  regions  (text-fig.  4j).  In  specimens  studied  the  rhabdosomes  increase  gradually 
in  width  from  1 mm.  at  the  top  of  the  first  thecae  to  nearly  3 mm.  at  5 cm.  above  the 
proximal  tip.  The  sieula  is  1-6  to  T7  mm.  long  and  is  narrow;  the  ventral  spine  is  com- 
monly longer  than  the  virgula.  The  thecae  are  nearly  straight  tubes  with  slight  thicken- 
ings at  the  apertures  that  when  compressed  give  the  appearanee  of  short  spines.  There 
are  ten  thecae  per  1 cm.  in  the  proximal  region  and  nine  thecae  per  1 cm.  3 to  4 cm. 
above  the  proximal  tip.  The  thecae  are  2 mm.  long  and  1 mm.  wide  at  their  apertures  in 
the  distal  region  where  they  overlap  one-third  to  one-half  their  length. 

Remarks.  The  specimens  from  the  upper  part  of  the  Moecasin  Springs  Formation  at 
Moccasin  Springs  (locality  2 A),  Missouri,  agree  elosely  with  the  description  given  by 
Wood  (1900,  p.  454)  and  Elies  and  Wood  (1911,  p.  376)  for  the  longer  forms  of  the 
speeies  which  occur  in  the  Lower  Ludlow  Shales. 

Occurrence.  Monograptus  dubiiis  is  common  in  collections  from  Moccasin  Springs 
(locality  2 A and  2 B),  Missouri,  and  in  the  core  from  the  Superior-Ford  C- 17 well 
(locality  3),  White  County,  Illinois. 

Monograptus  cf.  M.  dubius  (Suess) 

Text-figs.  3a,  f;  5c,  d 

Discussion.  Several  specimens  that  are  rare  in  the  collections  studied  are  closely  similar 
to  Monograptus  dubius  but  differ  in  several  important  features.  These  specimens  have 
narrower  rhabdosomes  and  narrower  thecae  that  show  slight  ogee  curvature  in  com- 
parison to  M.  dubius.  They  have  ten  to  eleven  thecae  per  1 cm.  in  the  distal  region  and 
the  sieula  reaches  nearly  2 mm.  in  length.  The  slight  ogee  curvature  of  the  thecae  re- 
minds one  of  the  thecae  in  M.  gotlandicus  Perner  (1899)  or  in  M.  cf.  M.  gotlandicus 
illustrated  by  Elies  and  Wood  (1911)  which  have  broader  rhabdosomes.  The  thecal 
curvature  in  specimens  examined  may  represent  distortion  caused  by  compaction. 

Occurrence.  Monograptus  cf.  M.  dubius  is  rare  in  collections  from  Salamans  Creek 
(locality  1 A),  Alexander  County,  Illinois,  Superior-Ford  C-17  well  core  (locality  3), 
White  County,  Illinois,  and  the  Calumet  Sag  Channel  (locality  5)  near  Blue  Island, 
Illinois. 

Monograptus  butovicensis  (Boucek) 

Text-figs.  4b,  c,  e,  f 

Prist iograptus  butovicensis  Boucek  1936,  p.  140;  Miinch  1952,  p.  95,  pi.  22,  fig.  4. 

Description.  The  rhabdosomes  are  2-0  to  2-5  cm.  in  length  and  have  broad  ventral 
curvature  beginning  just  above  the  proximal  tip  and  continuing  for  1 to  1-5  cm.  They 
are  0-5  mm.  wide  at  the  top  of  the  first  theca  and  1 -5  mm.  wide  2 cm.  above  the  proximal 
tip.  The  sieula  is  poorly  seen  in  the  specimens  but  as  shown  in  text-fig.  4b  it  is  apparently 
narrow  and  long.  In  the  distal  part  of  a rhabdosome  there  are  nine  to  ten  thecae  in  1 cm. 
The  apertures  have  heavy  rims  that  commonly  appear  as  overlying  hoods.  The  theeae 
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TEXT-FIG.  5.  Monograptids  from  the  Silurian  of  Illinois  (all  figures  X 4). 
A,  B,  F,  Monograptus  colomis  (Barrande),  locality  5,  IGS  3659,  3660,  3661. 
c,  Monograptus  cf.  M.  dubius  (Suess),  locality  3,  IGS  3663. 

D,  Monograptus  sp.,  locality  5,  IGS  3664. 

E,  Monograptus  sp.,  locality  3,  IGS  3662. 

G,  H,  J,  Monograptus  boheinicus  (Barrande),  locality  4,  IGS  3665,  3666,  3667. 

K,  L,  Monograptus  dubius  (Suess),  locality  3,  IGS  3668,  3669. 
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are  long,  narrow,  and  nearly  straight  tubes  that  overlap  for  one-half  their  length  in  the 
distal  region. 

Remarks.  Monograptiis  butovicensis  from  the  Moccasin  Springs  Formation  differs  from 
M.  scanicus  in  having  a slightly  broader  rhabdosome  and  more  overlap  of  the  thecae. 
The  specimens  shown  in  text-fig.  4b  and  c are  thick  carbonaceous  films  whereas  those 
shown  in  text-fig.  4e  and  f are  mostly  moulds. 

Occurrence.  Monograptus  butovicensis  is  common  in  collections  from  Moccasin  Springs 
(localities  2 A and  2 B),  Missouri. 

Monograptus  colonus  (Barrande) 

Text-figs.  3c,  H,  j;  5a,  b,  f 

Graptolitlius  colonus  Barrande  1850,  p.  42,  pi.  ii,  figs.  2,  3. 

Monograptus  colonus  (Barrande)  Wood  1900,  p.  463,  pi.  25,  figs.  lOfl-r/;  Elies  and  Wood  1911, 
p.  391,  text-fig.  260,  pi.  38,  figs.  8^-4. 

Description.  The  rhabdosome  commonly  reaches  a length  of  4 cm.  or  more  and  is 
straight  distally  but  has  a slight,  distinct  ventral  curvature  at  the  proximal  end.  The  best- 
preserved  rhabdosome  is  5 cm.  long  and  has  thirty-nine  thecae  in  4 cm.  and  a 1 cm. 
nema  without  thecae  above.  The  rhabdosome  is  1 to  1-5  mm.  wide  at  the  first  theca  and 
increases  in  width  to  2 to  3 mm.  at  the  tenth  theca.  The  sicula  is  2-0  to  2-5  mm.  long  and 
reaches  to  the  second  thecal  aperture  and  is  0-4  to  0-6  mm.  wide  at  its  aperture.  The 
virgella  is  strong  and  reaches  1-2  mm.  in  length.  The  first  theca  has  a double  spine  and 
the  next  five  thecae  have  long  sharp  spines  and  the  succeeding  four  or  five  have  wide 
thick  lips.  More  distal  thecae  have  heavy  rims  and  become  broader.  The  thecae  are 
short  in  the  proximal  tip,  about  TO  mm.,  and  have  ogee  curvature.  They  gradually 
increase  in  length  to  2-0  mm.  and  become  straight  about  2 cm.  above  the  base  of  the 
rhabdosome.  Later  thecae  become  broader,  increasing  from  0-5  to  0-8  mm.  without 
appreciable  change  in  length. 

Remarks.  Monograptus  colonus  from  the  Lecthayles-hQdinng  shale  at  the  Midlothian 
quarry  is  closely  similar  to  the  specimens  described  and  illustrated  by  Wood  (1900, 
p.  463)  and  Elies  and  Wood  (1911,  p.  391).  In  many  aspects  these  specimens  are  similar 
to  M.  varians  var.  pumilus  Wood  but  that  variety  is  distinctly  shorter  than  M.  colonus. 

Occurrence.  Monograptus  colonus  is  common  in  the  Lecthayles-hQCLnng  shale  at  the  Mid- 
lothian quarry  and  along  the  Calumet  Sag  Channel  at  Blue  Island  (locality  5)  and  in  the 
upper  part  of  the  Moccasin  Springs  Formation  at  Salamans  Creek  (localities  1 A,  1 B, 
and  1 C)  and  is  present  in  the  Superior-Ford  C-17  core  from  White  County  (locality  3). 


REFERENCES 

BARRANDE,  J.  1850.  GraptoUtcs  de  Bohenie;  extraits  clu  systeine  Silurien  du  centre  de  la  Boheine. 
Prague. 

BASSLER,  R.  s.  1915.  Bibliographic  index  of  American  Ordovician  and  Silurian  fossils.  Bull.  U.S. 
National  Museum,  92, 1-1521. 

BERRY,  w.  B.  N.  1960.  Early  Eudlow  graptolites  from  the  Ashland  area,  Maine.  J.  Paleont.  34, 
1158-63. 


72  PALAEONTOLOGY,  VOLUME  5 

bouCek,  b.  1936.  La  faune  graptolithique  du  Ludlow  Inferieur  de  la  Boheme.  Bull.  hit.  Acad.  Pi  ague 
Cl.  math.  iiat.  med.  37,  137-52,  1 pi. 

BULMAN,  o.  M.  B.  1958.  The  sequence  of  graptolite  faunas.  Palaeontology,  1,  159-73. 

COLLINSON,  c.  w.  and  schwalb,  h.  1955.  North  American  Paleozoic  Chitinozoa.  Kept.  Iiiv.  Illinois 
Geol.  Survey,  186,  1-32. 

COOPER,  G.  A.  et  al.  1942.  Correlation  of  the  Devonian  sedimentary  formations  of  North  America. 
Bull.  Geol.  Soc.  Ainer.  53,  1729-94. 

COMINGS,  E.  R.  and  SHROCK,  R.  R.  1928.  The  geology  of  the  Silurian  rocks  of  northern  Indiana. 
Indiana  Division  of  Geology,  Piibl.  75,  1-226. 

DECKER,  c.  E.  1935.  Graptolites  from  the  Silurian  of  Oklahoma.  J.  Paleont.  19,  434-46. 

■ 1942.  A Silurian  graptolite  zone  in  Crane  County,  Texas.  Bull.  Amer.  Ass.  Petrol.  Geol.  26, 

851-60. 

ELLES,  G.  and  WOOD,  E.  1901-18.  A monograph  of  British  graptolites.  Palaeontogr.  Soc.  \-5I>9. 
LOWENSTAM,  H.  A.  1948.  Biostratigi'aphic  studies  of  the  Niagaran  inter-reef  formations  in  north- 
eastern Illinois.  Illinois  St.  Mus.  Sci.  Paper,  4,  1-146,  pi.  1-7. 

1949.  Niagaran  reefs  in  Illinois  and  their  relation  to  oil  accumulation.  Kept.  Inv.  Illinois  Geol. 

Survey,  145,  1-36. 

MCLEARN,  F.  H.  1924.  Paleontology  of  the  Silurian  rocks  of  Arisaig,  Nova  Scotia.  Mem.  Canada  Geol. 
Survey,  137,  1-179. 

MUNCH,  A.  1952.  Die  Graptolithen  aus  dem  anstehenden  gotlandium  deutschlands.  Geologica  (Berlin), 
7,  1-157,  pi.  1-61. 

ROY,  s.  K.  and  croneis,  c.  1931.  A Silurian  worm  and  associated  fauna.  Geol.  Ser.  Field  Mas.  Nat. 
Hist.  6,  141-6. 

RUEDEMANN,  R.  1908.  Graptolites  of  New  York:  pt.  2,  Graptolites  of  the  higher  beds.  Mem.  New  York 
St.  Mas.  11,  1-583. 

• 1947.  Graptolites  of  North  America.  Mem.  Geol.  Soc.  Amer.  19,  1-652. 

SCHROCK,  R.  R.  1928.  A new  graptolite  fauna  from  the  Niagara!!  of  northern  Indiana.  Am.  Jour.  Sci., 
ser.  5,  16,  1-38. 

SUESS,  E.  1851.  liber  Bohmische  graptolithen.  Naturw.  Abliandl.  von  IV.  Heidinger,  4,  pt.  4. 

SWARTZ,  c.  K.,  et  fl/.  1942.  Correlation  of  the  Silurian  formations  of  North  America.  Bull.  Geol.  Soc. 
Amer.  53,  533-8. 

THORSTEiNSSON,  R.  1958.  Comwallis  and  Little  Cornwallis  Islands,  District  of  Franklin,  Northwest 
Territories.  Mem.  Canada  Geol.  Survey,  294,  1-134. 
wiLLMAN,  H.  b.  1943.  High  purity  in  dolomite  in  Illinois.  Kept.  Inv.  Illinois  Geol.  Survey,  90,  1-89. 
WOOD,  E.  M.  R.  1900.  The  lower  Ludlow  formation  and  its  graptolite  fauna.  Quart.  J.  Geol.  Soc. 
London,  56,  415-91. 

CHARLES  A.  ROSS 

Illinois  State  Geological  Survey, 
Urbana,  Illinois, 

U.S.A. 


Manuscript  received  16  June  1961 


A SPORANGIOSTROBUS  WITH  DENSO SPO RITES 

MICROSTORES 

by  W.  G.  CHALONER 


Abstract.  A new  lycopod  cone,  Sporaiigiostrobiis  ohioensis  sp.  nov.,  is  described  from  the  Pennsylvanian  of 
Ohio,  U.S.A.  It  contains  megaspores  similar  to  Siiperbisporites  superbus  (Bartlett)  Potonie  and  Kremp,  and 
microspores  agreeing  with  Densosporites  Solaris  Balme.  The  genus  Densosporites  Berry  semu  Potonie  and  Kremp 
is  now  known  to  represent  at  least  two  distinct  groups  of  lycopods,  and  this  offers  a basis  for  a natural  sub- 
division of  the  genus.  An  emended  diagnosis  of  Sporaiigiostrobiis  is  given. 

The  extensive  work  of  the  last  thirty  years  on  Carboniferous  spores  constitutes  an 
important  source  of  potential  palaeobotanical  information.  The  correlation  of  such  dis- 
persed spores  with  their  parent  plants  both  enhances  the  intrinsic  palaeobotanical 
interest  and  status  of  the  isolated  spores  themselves,  and  also  throws  light  on  aspects  of 
the  contemporaneous  flora  which  may  not  be  apparent  from  the  study  of  the  compres- 
sion fossils  alone.  This  paper  is  an  account  of  the  remains  of  a large  lycopod  cone  con- 
taining megaspores  and  microspores  of  Pennsylvanian  age  from  Ohio,  U.S.A.  The 
significance  of  the  cone  lies  mainly  in  its  establishing  the  source  plant  of  the  miospore 
Densosporites  Solaris  Balme  and  confirming  the  hermaphrodite  nature  of  the  genus 
Sporangiostrobiis.  It  is  also  only  the  second  specimen  of  this  cone  genus  to  be  found  in 
North  America.  The  ubiquitous  occurrence  of  the  genus  Densosporites  in  Carboniferous 
spore  assemblages,  and  the  association  of  certain  species  of  the  genus  with  coals  of  a 
durainous  character  has  added  particular  interest  to  its  source-plants. 

I must  express  my  grateful  thanks  to  the  Director  of  the  New  York  Botanical  Garden 
and  to  Dr.  H.  Becker,  through  whose  kindness  I was  able  to  borrow  the  specimen  on 
which  this  paper  is  based. 

Source  and  nature  of  the  material  and  method  of  investigation.  The  specimen  described 
here  as  Sporangiostrobiis  ohioensis  sp.  nov.  is  in  the  Palaeobotanical  Collection  of  the 
New  York  Botanical  Garden,  and  carries  a printed  label  with  the  name  of  J.  S.  New- 
berry and  the  locality  ‘Cuyahoga  Falls,  Ohio’.  The  cone  or  cone  fragments  are  in  the 
form  of  compressions  consisting  of  little  more  than  the  spore  contents  of  sporangia  still 
arranged  in  the  position  that  they  occupied  in  the  cone  (text-fig.  2;  Plate  10,  fig.  5),  on 
black,  highly  carbonaceous  shale.  The  only  other  macrofossils  present  are  numerous 
fragments  of  Cordaite  leaves  and  possibly  some  Pteridosperm  rachises.  Dr.  J.  M.  Schopf 
(personal  communication,  Oct.  1959)  says  of  the  locality,  Cuyahoga  Falls,  ‘in  the  old 
collections,  material  from  the  same  horizon  above  the  Sharon  Coal  in  this  neighbour- 
hood is  likely  to  be  labelled  either  Akron,  Tallmadge  or  Cuyahoga  Falls.  From  . . . [the 
photograph  of  the  holotype]  I would  guess  that  this  specimen  is  on  the  Sharon  Roof 
Shale.’  Moore  et  al.  1944  (Correlation  chart  6)  show  the  Sharon  in  the  New  River 
Group  of  the  Pottsville  Series,  a horizon  equivalent  to  the  lower  part  of  the  Westphalian 
A of  the  European  sequence. 

The  megaspores  in  the  cone  were  visible  to  the  naked  eye  (Plate  10,  fig.  5;  text-fig.  2) 

[Palaentology,  Vol.  5,  Part  1,  1962,  pp.  73-85  ; pis.  10-11.] 
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and  could  easily  be  removed  with  a mounted  needle.  They  were  then  macerated  in 
Schulze’s  solution  (nitric  acid  saturated  with  potassium  chlorate)  for  a few  hours  and 
transferred  to  dilute  ammonia.  This  removed  the  adhering  coaly  matter,  but  the  spores 
were  still  opaque  bodies  whieh  could  be  examined  only  by  reflected  light.  Some  of  these 
spores  were  then  placed  in  concentrated  nitric  acid  until  they  became  transparent  (the 
time  required  varied  between  individual  spores,  but  did  not  exceed  six  hours),  the  spores 
were  then  removed  into  distilled  water,  and  from  that  directly  into  absolute  alcohol. 
After  dehydration  these  spores  were  mounted  in  Canada  balsam  for  examination  by 
transmitted  light  (Plate  11,  fig.  7).  The  description  of  the  megaspores  is  based  on  both 
these  transparent  preparations  and  the  less  macerated,  opaque  spores  which  were 
mounted  dry  in  air  cells. 

The  microspores  were  prepared  by  macerating  small  fragments  from  individual  micro- 
sporangia in  Schulze’s  solution;  after  treating  a sporangial  fragment  for  six  hours  it 
was  removed  from  the  solution  and  transferred  to  a weak  ammonia  solution.  In  this 
the  fragment  was  teased  apart,  the  excess  liquid  drawn  off  with  filter  paper,  and  the 
remaining  spores  and  spore  aggregates  mounted  in  glycerine  jelly  eontaining  saflfranin. 
Several  slides  were  made  from  different  sporangia,  representing  colleetively  many 
thousands  of  spores. 


DESCRIPTION 

The  cone.  The  cone  itself  (Plate  10,  fig.  5;  text-fig.  2)  consists  of  two  aggregates  of 
sporangia,  in  a more  or  less  orderly  arrangement  suggesting  that  they  were  originally 
part  of  a single  cone  which  had  become  broken  into  two  short  segments  during  fossiliza- 
tion.  The  eone  was  clearly  hermaphrodite;  the  megasporangia  can  be  seen  to  contain 
megaspores  with  the  naked  eye,  while  the  microsporangia  look  smooth.  Although  there 
are  groups  of  megasporangia  and  microsporangia  they  do  not  appear  to  be  aggregated 
into  well-defined  zones  as  in  some  of  the  arborescent  lycopod  cones. 

The  megasporangia  appear  to  have  contained  only  one  (or  possibly  in  some  cases, 
two)  tetrads  of  megaspores.  The  microsporangia  must  have  contained  several  thousands 
of  mierospores. 

The  mierospores.  The  microspores  are  triradiate,  subtriangular  to  nearly  circular  in 
outline  in  polar  view,  as  seen  in  preparations  from  the  cone  (Plate  10,  figs.  1-4;  text-fig.  1). 
Originally  the  proximal  faee  must  have  been  more  or  less  pyramidal,  and  the  distal  more 
or  less  hemispherieal,  before  fossilization.  The  mean  maximum  diameter  of  fifty  spores 
is  55  p (range  42-70  standard  deviation  5-6  ^).  The  triradiate  mark  can  occasion- 
ally be  seen  (Plate  10,  fig.  2)  as  three  fine  radiating  lines  extending  to  the  margin  of 
the  body,  but  not  to  the  margin  of  the  equatorial  feature.  The  spore  is  thickened  in  the 
region  of  the  equator  to  form  a projecting  flange  which  becomes  thinner  away  from  the 
spore  body  until  at  the  margin  it  is  membranous;  the  flange  s.L  must  therefore  have 
been  more  or  less  wedge-shaped  in  section.  In  this  it  shares  some  of  the  characters  of 
both  a ‘cingulum’  and  a ‘zona’  sensu  Potonie  and  Kremp  1955;  I refer  to  it  as  a cingu- 
lum. Measured  from  the  spore  cavity  or  lumen  to  the  outer  margin,  the  cingulum  forms 
one-quarter  to  one-fifth  of  the  total  spore  diameter,  as  seen  in  polar  view.  The  distal 
face  of  the  spore  is  covered  with  more  or  less  conical  processes  of  varied  size  (typically 
2-5  p,  high)  which  may  be  partially  fused  at  their  bases,  in  twos  or  threes,  forming 
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groups  or  cristae  aligned  more  or  less  parallel  to  the  equator  (text-fig.  1 ; Plate  10;  figs. 
1-4).  These  eoni  and  cristae  extend  all  over  the  distal  face  and  on  to  both  surfaces  of  the 
cingulum,  but  not  on  to  the  contact  faces;  the  latter  are  almost  smooth,  but  show  an 
L-O  pattern  ( ? due  to  fine  micropunctate  sculpture).  The  membranous  margin  of  the 
cingulum  is  irregularly  serrate,  individual  serrations  being  typically  1-3  ijl  (exceptionally 
6 /x)  long,  and  of  varied  width. 

The  spores  obtained  from  the  cone  show  no  greater  degree  of  variation  in  size  or 
morphology  than  ‘populations’  of  spores  ob- 
tained from  other  comparable  fossil  lycopod 
cones  (Chaloner  1958u,  b,  Bhardwaj  1958). 

Only  a single  spore  was  seen  which  showed 
almost  total  absence  (?  obliteration)  of  the 
sculpture;  this  was  attributed  to  overmacera- 
tion rather  than  state  of  maturity,  on  the  basis 
of  Bhardwaj’s  (1958)  convincing  demonstra- 
tion of  the  effect  of  overmaceration  in  his 
Porostrobus  spores.  Aside  from  this  single 
spore,  no  variation  comparable  to  Bhardwaj’s 
was  obtained,  but  no  attempt  was  made  to 
induce  it  by  deliberate  over  maceration. 

Evidently,  in  both  a coal  and  in  spore 
masses  obtained  from  a fossil  cone,  spores 
towards  the  outside  of  a fragment  will  receive 
more  maceration  than  those  inside,  and  in  any 
generally  satisfactory  maceration  there  may 
always  be  some  spores  which  have  become 
overmacerated.  Bhardwaj’s  study  has  been 
particularly  valuable  in  showing  the  effect 
that  such  overmaceration  can  induce  in  what 
was  apparently  a rather  uniform  population 
of  a single  cone.  The  recent  demonstration  by 
Potonie  and  Schweitzer  (1960)  of  a high 
degree  of  innate  variation  in  the  contents  of 
a fossil  fructification  makes  it  important  to 
discriminate  between  the  types  of  variation 
that  can  be  produced  by  overmaceration  (such  as  that  of  Bhardwaj)  and  normal  pheno- 
typic and/or  ontogenetic  variation  within  a fossil  spore  population  (such  as  that  of 
Potonie  and  Schweitzer). 

The  species  of  dispersed  spore,  nearest  to  the  microspores  obtained  from  Sporangio- 
strobus  ohioensis,  is  Densosporites  Solaris  Balme  (1952).  Samples  of  the  spores  from  the 
cone  were  sent  to  Dr.  A.  H.  V.  Smith  (Sheffield),  Dr.  M.  A.  Butterworth  (Chester), 
Professor  R.  Potonie  and  Dr.  H.  Grebe  (Krefeld)  who  agreed  independently  (personal 
communications,  1959)  that  this  is  the  closest  species  to  the  spores  in  the  cone.  Balme 
gave  the  size  of  his  species  as  39-65  p (mean  49  p),  somewhat  smaller  than  that  of  the 
measured  population  of  S.  ohioensis  microspores.  The  range  of  D.  Solaris  is  Westphalian 
A to  C;  Potonie  and  Kremp  1956u  give  A to  B,  but  Butterworth  and  Millott  (1960) 


TEXT-FIG.  1.  A reconstruction  of  a microspore 
of  Sporangiostrobiis  ohioensis  sp.  nov.,  X 1,000. 
Above,  in  polar  view,  below,  in  equatorial  view. 
A,  Proximal  face.  B,  Distal  face.  C,  External 
surface.  D,  Imaginary  median  section. 
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record  it  also  in  the  Westphalian  C.  A further  species  of  dispersed  spore,  Densosporites 
indignabimdus  (Loose)  S.W.  and  B.  (=  Cristatisporites  indignabimdus  (Loose)  P.  and  K. 
1954)  is  very  similar  to  those  obtained  in  the  cone.  Balme  acknowledged  the  similarity 
of  this  species  to  his  D.  solan's  saying  that  'D.  solans  . . . resembles  an  extreme  variant 
of  the  species  D.  indignabimdus'  The  latter  species  was  nevertheless  subsequently  made 
the  type  species  of  a new  genus,  Cristatisporites,  Potonie  and  Kremp  1954.  It  can  fairly 
be  said  that  the  genus  Cristatisporites  is  very  similar  to  several  of  the  species  included  in 
Densosporites,  and  that  the  delimitation  of  these  two  genera  is  not  very  satisfactory. 

When  they  first  erected  the  genus  Cristatisporites,  Potonie  and  Kremp  (1954)  did  not 
regard  it  as  having  a cingulum  or  equatorial  thickening,  but  merely  as  being  character- 
ized by  cristate  sculpturing.  Bhardwaj  (1957)  subsequently  reinterpreted  Cristatisporites 
as  having  ‘a  thickened  peripheral  region  comparable  in  structure  and  organization  to 
the  cingulum  of  Densosporites  and  Lycospora'.  Potonie  (1958,  p.  27)  subsequently 
accepted  this  interpretation. 

A number  of  other  species  similar  in  varying  degrees  to  those  present  in  Sporangiostro- 
biis  ohioensis  sp.  nov.  have  been  described  occurring  as  dispersed  spores.  Unfortunately 
some  authors  do  not  always  indicate  how  their  new  species  differ  from  previously 
described  ones.  The  following  species  appear  to  be  significantly  similar  to  those  obtained 
from  the  cone,  and  are  cited  to  illustrate  the  considerable  number  of  species  placed 
either  in  Densosporites  or  Cristatisporites  which  are  not  strikingly  different  from  those 
here  described.  Their  stratigraphic  range  and  the  values  for  the  maximum  diameter  are 
given.  The  range  of  the  latter  values  may  show  either  the  mean  (in  brackets)  or  the  value 
for  the  holotype  or  figured  specimen  (in  italics); 

Densosporites  pawiosiis  Knox  1950,  p.  326,  pi.  18,  fig.  267  (Namurian),  62  jU. 

Densosporites  type  A,  Hoft'meister  et  at.  1955,  p.  387,  pi.  36,  fig.  20  (High  Dinantian),  54  ju. 

Densosporites  spinifer  Hoffmeister  et  at.  1955,  p.  386,  pi.  36,  figs.  16,  17  (High  Dinantian), 
32-(46)-48  iJi. 

Cristatisporites  indignabnndns  (Loose)  Potonie  and  Kremp  1955  (who  give  a complete  synonymy), 
p.  105,  pi.  16,  figs.  294-5  (Westphalian  B-C),  50-52-80/x. 

Cristatisporites  comexus  Potonie  and  Kremp  1955,  p.  106,  pi.  16,  figs.  291-3  (Westphalian  B), 
45-56-70  p. 

Densosporites  diiriti  Potonie  and  Kremp  1956a,  p.  117,  pi.  18,  figs.  383-4  (Westphalian  B), 
45-(68)-70  p. 

Cristatisporites  splendidiis  Artiiz  1957,  p.  247,  pi.  4,  fig.  22  (Westphalian  A),  45-(55)-63  p. 

Densosporites  belliatns  Artiiz  1957,  p.  252,  pi.  6,  fig.  43  (Westphalian  A),  40-(43)-55  p. 

Cristatisporites  cf.  indignabimdus  (Loose)  P.  and  K.,  Bhardwaj  1957,  p.  105,  pi.  27,  figs.  31-32 
(?  Westphalian  C),  40-55  p. 

Cristatisporites  elegans  Bhardwaj  1957,  p.  105,  pi.  27,  figs.  29, 30  (?  Westphalian  C),  38-(44)-48jix. 

^Densosporites  decorus  (Loose)’  Dybova  and  Jachowicz  1957,  p.  163,  pi.  48,  figs.  1-4  (West- 
phalian B-D),  55  p.  (This  is  apparently  a later  homonym  of  Cristatisporites  indignabimdus 
(Loose)  P.  and  K.,  the  holotype  of  which  is  included  in  Dybova  and  Jachowicz's  synonyms.) 

Densosporites  spinosiis  Dybova  and  Jachowicz  1957,  p.  164,  pi.  49,  figs.  1-4  (Namurian  A- 
Westphalian  B),  48  p. 

Densosporites  verrucosus  Dybova  and  Jachowicz  1957,  p.  166,  pi.  50,  figs.  1-4  (Namurian  A- 
Westphalian  C),  32-5(9-54  p.  (This  is  apparently  a later  homonym  of  Densosporites  glandulo- 
siis  Kosanke,  the  holotype  of  which  is  included  in  Dybova  and  Jachowicz’s  synonyms.) 

Densosporites  cf.  indignabimdus  Alpern  1958,  figs.  8,  26,  and  27  (Stephanian),  56-60  p. 

Densosporites  cf.  indignabimdus  Alpern  1959,  pi.  8,  figs.  210-14  (Stephanian),  50-80 /a. 

Microspores  indistinguishable  from  those  in  S.  ohioensis  (i.e.  Densosporites  Solaris 
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Balme)  have  therefore  been  recorded  from  the  Westphalian  A-C,  and  rather  similar 
spores  (i.e.  those  listed  above)  from  the  Dinantian  to  the  Stephanian. 

The  microspores  that  Bode  (1928)  obtained  from  his  Sporaugiostrobus  nigosus  were 
described  as  having  a rough,  warty  surface  and  a diameter  of  70-90  p.  Some  apparently 
showed  a triradiate  mark.  Although  these  spores  were  evidently  larger  than  those  ob- 
tained from  S.  ohioensis  this  description  and  the  photographs  are  not  otherwise  incon- 
sistent with  Bode’s  spores  (of  S.  nigosus)  having  been  similar  to  Densosporites  solans. 
Nemejc’s  microspores  of  S.  feistwauteli  (1931,  unnumbered  plate,  figs.  5-8)  had  a 
‘densely  mamillous’  surface,  a size-range  of  about  40-50  p,  and  his  photographs  suggest 
a thickened  equatorial  feature.  To  this  extent  they  seem  even  more  closely  comparable 
with  D.  Solaris. 

In  addition  to  the  microspores  yielded  by  macerating  the  microsporangia  of  S.  ohioen- 
sis, several  fragments  of  cuticle  were  obtained,  showing  the  outline  of  oblong  polygonal 
cells.  These  cuticle  fragments  lacked  stomata  or  other  distinctive  features,  and  in  this 
and  other  respects  were  similar  to  those  figured  by  Bode  (1928)  and  Nemejc  (1931)  from 
their  cones.  These  authors  suggested  that  the  cuticles  represent  sporangial  walls ; unless 
the  character  of  the  sporangia  was  very  different  from  that  of  Lepidostrobus,  for  example 
(with  very  thick-walled  prismatic  wall  cells,  isodiametric  in  surface  view),  this  seems 
unlikely.  It  is  at  least  equally  probable  that  these  cuticle  fragments  are  the  remains  of 
the  cuticle  of  the  basal  part  of  the  sporophyll  lamina,  or  even  of  that  part  of  the  sporo- 
phyll  to  which  the  sporangium  was  attached. 

The  megaspores.  The  megaspores  obtained  from  Sporaugiostrobus  ohioensis  sp.  nov. 
are  large,  triradiate,  and  must  originally  have  had  a more  or  less  pyramidal  proximal 
face,  a hemispherical  distal  face,  and  a broad  flange  attached  to  the  equator  (Plate  11, 
fig.  7).  The  spore  body  outline  is  round  to  subtriangular,  1,800-2,200  p (mean  2,042  p, 
standard  deviation  116 /x  for  19  measured).  The  mean  wall  thickness  is  typically  60  p. 
The  greatest  observed  width  of  the  equatorial  flange  is  560  p,  at  one  of  the  radial 
extremities  of  the  triradiate  mark,  and  rather  less  in  the  inter-radial  sectors.  The  equa- 
torial feature  was  evidently  the  most  vulnerable  part  of  the  spore,  and  had  frequently 
been  damaged  in  removing  the  megaspores  from  the  cone.  Its  width,  intact,  could  there- 
fore only  be  measured  on  a few  specimens,  and  mean  measurements  are  of  little  value 
in  these  circumstances.  The  triradiate  mark  extends  to  the  equator,  the  lips  are  tall  (up 
to  550  p),  strongly  undulating,  and  diminishing  slightly  in  height  from  the  extremities 
towards  the  pole.  The  contact  faces  are  ornamented  with  sparsely  distributed  rounded 
tubercles  about  15  ju.  in  all  dimensions,  and  occasional  conical  spines,  10-15  p wide  at 
the  base  and  up  to  50  p long.  The  distal  face  of  the  spore  is  ornamented  with  a dense 
covering  of  hairs  (Plate  11,  fig.  5),  of  more  or  less  cylindrical  shape,  with  a rounded, 
blunt  or  somewhat  swollen  apex.  These  are  rather  more  sparse,  or  even  absent,  at  the 
centre  of  the  distal  face,  but  they  remain  fairly  uniform  over  the  remainder,  only  be- 
coming markedly  denser  in  the  immediate  equatorial  region  where  they  merge  into 
the  equatorial  flange.  This  is  composed  of  numerous  more  or  less  flattened  bifurcating 
and  anastomosing  processes  which  merge  together  at  their  bases  (Plate  II,  figs.  3,  7). 
Adjacent  processes  are  sometimes  partially  connected  by  a membrane  of  spore-coat 
substance  to  produce  a flange  varying  in  texture  between  a loose  reticulum  with  actual 
gaps,  to  a more  or  less  continuous  fluted  membrane.  The  processes  comprising  the  flange 
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commonly  have  rather  stronger  cross-connexions  at  the  periphery  than  nearer  to  the 
spore  body  (sometimes  giving  individual  processes  a hammer-headed  appearance)  so 
that  ‘windows’  in  the  equatorial  feature  are  commonest  in  the  outer  third  of  its  width, 
and  are  more  abundant  than  actual  breaks  in  the  margin  of  the  flange.  This  equatorial 
feature  or  flange  therefore  has  some  of  the  characters  of  both  a zona  and  a corona 
{sensu  Potonie  and  Kremp  1955). 

The  spores  found  in  the  cone  may  be  compared  in  the  most  general  terms  with  three 
genera  of  dispersed  megaspores : 

1.  Superbisporites  Potonie  and  Kremp  1954.  (Type:  5.  superbus  (Bartlett)  P.  and  K.) 

2.  Zonalesporites  (Ibrahim)  Potonie  and  Kremp  1954.  (Type:  Z.  brasserti  (Stach  and 
Zerndt)  P.  and  K.) 

3.  Rotatisporites  Potonie  and  Kremp  1954.  (Type:  R.  rotatus  (Bartlett)  P.  and  K.) 

These  three  genera  have  in  common  a broad  zonal  (equatorial)  feature,  and  they  are 
separated  from  one  another  mainly  on  the  character  of  this  feature.  Dijkstra  (1952, 1956), 
Dijkstra  and  Pierart  (1957),  Dijkstra  and  Van  Vierssen  Trip  (1946),  Potonie  and  Kremp 
(1956u),  and  Winslow  (1959)  discuss  these  dispersed  spores  fully.  Broadly  speaking, 
Superbisporites  is  the  largest  and  has  a more  or  less  continuous  equatorial  feature  of 
closely  woven  hairs  which  may  show  gaps  (or  ‘windows’)  near  the  periphery  (see  Plate 
11,  figs.  1,  2).  The  hairs  forming  this  feature  may  continue  as  much  shorter  bristles  qll 
over  the  distal  face  of  the  spore.  Zonalesporites  is  similar  but  smaller,  the  equatorial 
feature  or  flange  is  normally  continuous,  uninterrupted  by  breaks  or  ‘windows’,  and 
ends  abruptly  on  the  distal  face  of  the  spore  which  is  more  or  less  smooth.  Rotatisporites 
has  an  equatorial  feature  which  differs  (at  least  in  the  type  species)  from  either  of  the 
other  two  genera  in  having  a more  or  less  continuous  rim  supported  by  more  or  less 
discrete  spokes,  like  a cart-wheel  (Plate  11,  fig.  4).  However,  one  species  assigned  to  this 
genus,  R.  ramosus  (Arnold)  (Plate  11,  fig.  6),  shows  a less  pronounced  version  of  this 
rim-with-spokes  structure,  making  it  rather  closer  to  Superbisporites. 

The  distinctions  between  these  three  genera  are  in  some  cases  rather  hard  to  maintain. 
Kalibova  (1950),  for  example,  was  unable  to  discriminate  between  the  type  species  of 
Zonalesporites  and  Superbisporites,  and  treated  the  two  together  as  a single  taxon. 
Similarly,  Triletes  dentatus  Zerndt  has  been  placed  in  Superbisporites  by  Potonie  and 
Kremp  (1956u),  while  Dijkstra  (1952,  p.  167)  says  that  ‘no  essential  points  of  difference 
can  be  observed  between  this  species  and  T.  rarnosus  Arnold  1950’  which  Potonie  and 
Kremp  (1956o)  place  in  the  genus  Rotatisporites.  While  this  does  not,  of  course,  constitute 
in  itself  a case  for  regarding  these  three  genera  as  synonyms,  it  does  emphasize  the 
rather  trivial  nature  of  the  features  on  which  they  have  been  separated. 

The  megaspores  of  Sporangiostrobus  ohioensis  undoubtedly  show  closest  agreement 
with  Superbisporites  superbus  (Bartlett)  P.  and  K.  in  size,  the  character  of  the  triradiate 
mark,  the  distal  appendages  and  the  general  aspect  of  the  equatorial  flange,  but  differ 
from  it  in  having  a rather  less  continuous  structure  to  this  feature  (cf.  Plate  11,  figs.  3 and 
7 with  figs.  1 and  2).  In  this  respect,  only,  do  they  show  some  similarity  to  Rotatisporites 
ramosus  (Arnold)  P.  and  K.  (Plate  11,  fig.  6).  In  the  structure  of  the  equatorial  flange, 
the  megaspores  of  Sporangiostrobus  ohioensis  might  be  said  to  be  intermediate  between 
Superbisporites  superbus  (with  a more  or  less  continuous  flange  of  anastomosing  proces- 
ses) and  Rotatisporites  ramosus  (with  a more  clearly  defined  ‘rim  with  spokes’  structure). 
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SYSTEMATIC  DESCRIPTION 
Genus  sporangiostrobus  Bode  1928,  emend. 

Type  species.  S.  feistmcmteli  (O.  Feistmantel)  Nemejc  1931. 

Emended  diagnosis.  Large  lycopod  cone,  consisting  of  a massive  axis  occupying  more 
than  half  the  total  cone  diameter,  bearing  spirally  arranged  sporophylls.  Sporangia 
apparently  either  axillary  or  borne  on  the  upper  surface  of  the  sporophyll,  the  distal 
part  of  which  extends  as  a long  linear  lamina.  Cone  hermaphrodite  (?  or  bearing  either 
megaspores  or  microspores).  Megaspores  triradiate,  large  (greater  than  1,000  p.),  bearing 
a broad  equatorial  flange  formed  of  fused  and  anastomosing  hairs.  Microspores  tri- 
radiate with  an  equatorial  thickening  which  tapers  to  a thin  marginal  flange  (cingulum). 

Discussion.  The  genus  Sporangiostrobus  was  first  described  by  Bode  (1928)  who  de- 
scribed two  species  based  on  large  microspore-bearing  cones,  lacking  sporophyll  lami- 
nae, from  Silesia.  He  suggested  that  the  cones  belonged  either  to  the  Pteridophytes  or 
Pteridosperms.  Nemejc  (1931)  compared  Bode’s  cones  with  some  Czech  specimens, 
from  one  of  which  he  was  able  to  extract  both  megaspores  and  microspores,  and 
accordingly  reinterpreted  Bode’s  genus  as  a heterosporous  lycopod  fructification;  he 
compared  Sporangiostrobus  with  other  arborescent  lycopod  cones,  particularly  Sigillario- 
strobus  (for  discussion  of  the  distinctions  between  Sporangiostrobus,  Polysporia,  Lepido- 
strobus  and  Sigillariostrobus  see  Chaloner  1958a).  It  now  seems  appropriate  to  formally 
emend  Bode’s  original  diagnosis  of  the  genus  Sporangiostrobus,  this  emendation  being 
based  both  on  the  material  described  by  Nemejc  and  that  discussed  here.  It  is  largely 
influenced  by  Nemejc’s  interpretation  of  the  cone,  but  this  is  now  strengthened  by  the 
knowledge  that  at  least  two  specimens  were  hermaphrodite,  and  by  evidence  as  to  the 
real  nature  of  the  microspores. 

Sporangiostrobus  ohioensis  sp.  nov. 

Plate  10,  figs.  1-5;  Plate  11,  figs.  3,  5,  7 

Diagnosis.  Cone  cylindrical,  at  least  4 cm.  in  diameter  and  in  length,  probably  consider- 
ably longer.  Sporophylls  spirally  arranged,  exposed  (outer)  ends  of  the  sporangia  more 
or  less  polygonal,  4 mm.  in  height  and  width.  Megasporangia  and  microsporangia  more 
or  less  segregated  into  several  zones,  each  megasporangium  containing  a single  mega- 
spore tetrad,  and  each  microsporangium  containing  several  thousand  microspores. 
Megaspores  large  (central  body  up  to  2,200  p),  triradiate,  and  with  a broad  equatorial 
flange  (up  to  550  p wide)  of  partially  fused  hairs  forming  a more  or  less  continuous 
feature  with  occasional  gaps  towards  the  periphery;  hairs  forming  the  flange  occupying 
a relatively  narrow  equatorial  region,  merging  rapidly  away  from  the  equator  into 
short,  more  or  less  cylindrical  hairs  which  cover  the  whole  distal  spore  surface.  Micro- 
spores  triradiate,  mean  diameter  55  p with  an  equatorial  thickening,  extending  for 
about  one-fifth  the  total  diameter,  which  diminishes  in  thickness  away  from  the  spore 
body  to  a thin  membrane  at  the  margin.  Distal  spore  surface  covered  with  conical  spines, 
adjacent  spines  being  partially  fused  at  their  bases  to  form  cristae  more  or  less  parallel 
to  the  equator;  these  extend  on  to  the  equatorial  feature,  which  has  a serrate  margin; 
proximal  spore  surface  minutely  punctate. 
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Holotvpe.  Specimen  No.  8134c,  Palaeobotanical  Collection  of  the  New  York  Botanical  Garden,  New 
York,  U.S.A. 

Locality.  Cuyahoga  Falls,  near  Akron,  Ohio.  From  approximately  the  horizon  of  the 
Sharon  Coal,  probably  the  roof  shale  of  that  seam;  New  River  Group,  Pottsville  Series 
(approximately  the  equivalent  of  the  lower  part  of  the  Westphalian  A of  Europe).  j 
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TEXT-FIG.  2.  Drawing  of  the  cone  segments  of  Sporangiostrobus  ohioensis  sp.  nov.  holotype,  xl, 
showing  the  arrangement  of  the  megasporangia  (stippled)  and  microsporangia  (plain).  Cf.  Plate  10, 

fig.  5. 

GENERAL  DISCUSSION 

Other  species  of  Sporangiostrobus.  The  following  species  of  Sporangiostrobus  have 
already  been  described : 

1.  Sporangiostrobus  feistmanteli  (Feistmantel)  Nemejc  1931,  hermaphrodite  and 
megaspore-bearing;  Upper  Carboniferous  from  several  localities  in  Czechoslovakia  .| 
(Nemejc,  loc.  cit.)  and  Limburg,  Holland  (Jongmans  1936).  Bode  (1928,  p.  247)  cited  ‘? 
Sigillariostrobus  Feistmanteli’’  under  Sporangiostrobus  but  did  not  specify  it  as  the  type 
species  of  his  genus.  Nemejc  (1931,  p.  72)  first  made  the  combination  "Sigillariostrobus 
(Sporangiostrobus  Bode)  Feistmanteli'  so  that  S.  feistmanteli  must  be  attributed  to  him; 

I agree  with  Jongmans  (1936)  that  S.  feistmanteli  should  be  regarded  as  the  type  species 


EXPLANATION  OF  PLATE  10  j 

Figs.  1-4.  Microstores  kom  Sporangiostrobus  ohioensis  sp.  now.,  X 1,000.  1,  Spore  with  distal  surface 
in  focus.  2,  Proximal  surface  of  the  same  spore,  showing  triradiate  mark  and  punctate  sculpture 
(the  cristae  seen  here  in  the  central  area  are  those  on  the  distal  face  viewed  through  the  proximal 
face).  3,  Spore  in  median  focal  plane  showing  the  dark  zone  surrounding  the  central  area,  exagger- 
ated above  and  right  by  secondary  folding  of  the  wall.  4,  An  extreme  example  of  irregularity  of 
outline  and  margin. 

Fig.  5.  The  holotype  of  Sporangiostrobus  ohioensis,  consisting  of  two  cone  segments  (probably  parts 
of  a single  cone),  x 1.  Compare  text-fig.  2.  Megaspores  can  clearly  be  seen  in  megasporangia  in 
both  parts  of  the  cone.  The  larger  smooth  discs  are  microsporangia. 

(Figs.  1-4  are  based  on  single  spore  mounts  all  on  slide  8134  Ga;  fig.  5 is  of  specimen  8134  G.  Palaeo- 
botanical Collection,  New  York  Botanical  Garden.) 
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of  the  genus,  rather  than  5'.  orzeschemis  as  suggested  by  Andrews  (1955).  S.  feistman- 
teli  is  also  far  better  known,  from  Nemejc’s  investigation,  while  S',  orzeschensis  is  known 
only  from  a microspore-bearing  cone  segment. 

2.  S.  cordai  (Feistmantel)  Nemejc  1931,  megaspore-bearing,  possibly  hermaphrodite; 
Upper  Carboniferous  of  Czechoslovakia.  Although  Nemejc  does  not  actually  use  this 
combination,  he  refers  (1931,  p.  68)  to  SigiUariostrobus  Cordai  Feistmantel  as  ‘belonging 
to  Bode’s  type  of  Sporangiostrobm' . 

3.  S.  orzeschensis  Bode  1928,  microspore-bearing;  Upper  Carboniferous  of  Orzesche, 
Silesia,  Germany. 

4.  S.  rugosus  Bode  1928,  microspore-bearing;  Upper  Carboniferous  of  Orzesche, 
Silesia,  Germany. 

5.  S.  langfordi  Chaloner  1956,  megaspore-bearing;  Upper  Carboniferous  (Pennsylva- 
nian), Illinois,  U.S.A. 

The  nature  of  the  parent  plants  which  bore  Sporangiostrobus  cones  is  still  unknown. 
Nemejc  at  one  time  (1931)  urged  that  some  Lepidodendron  species  (e.g.  L.  dichotomum) 
were  likely  to  be  the  plants  which  bore  Sporangiostrobus',  he  later  (Nemejc  1946)  revised 
this  view  and  said  ‘The  cones  called  Sporangiostrobus  are  not  to  be  regarded  as  fructifica- 
tions of  any  species  of  the  genera  of  Lepidodendron  or  of  Lepidophloios.  Their  most 
probable  mother  plants  may  be  searched  among  some  long  leafy  lycopodiaceous  forms 
(except  the  Sigillariae)  like  Ulodendron  or  some  other  similar  types.’  The  only  certain 
evidence  which  bears  on  the  question  is  that  the  cones  are  so  large  that  they  must 
presumably  have  been  borne  on  a correspondingly  large  (hence  ? arborescent)  lycopod. 
The  two  best-known  genera  of  Carboniferous  arborescent  lycopods,  Lepidodendron  and 
Sigillaria,  are  known  (in  the  case  of  some  species  at  least)  to  have  borne  cones  which  are 
different  from  Sporangiostrobus  in  several  important  respects  (Chaloner  1958<7);  to  this 
extent,  Sigillaria  and  Lepidodendron  seem  less  likely  to  be  the  parent  plant  of  Sporangio- 
strobus than  other  genera  (e.g.  Asolanus)  of  which  the  fructification  is  unknown. 

Comparison  of  Sporangiostrobus  ohioensis  with  other  species.  The  characters  on  which 
the  various  Sporangiostrobus  species  may  be  compared  are  mainly  those  of  the  contained 
spores.  In  external  features  such  as  size  and  arrangement  of  the  sporangia,  S.feistmanteli, 
S.  langfordi,  and  S.  ohioensis  are  essentially  similar.  Of  the  species  containing  mega- 
spores, S.  langfordi  was  based  on  a cone  segment  bearing  only  megaspores.  It  is  possible 
that  it  was,  in  life,  a hermaphrodite  cone  like  S.  ohioensis,  but  that  in  this  case  only  a 
megasporangiate  segment  was  preserved.  Even  so,  the  megaspores  of  the  two  species 
differ  in  minor  details;  for  example,  the  more  continuous  flange  in  the  S.  langfordi 
megaspores,  which  lack  the  ‘spoke  and  rim’  character  of  the  S.  ohioensis  megaspores.  On 
these  grounds  S.  ohioensis  and  S.  langfordi  may  be  retained  as  separate  species.  S.feist- 
manteli is  comparable  with  S.  ohioensis  in  being  hermaphrodite  and  having  superficially 
similar  mega-  and  microspores;  as  the  specific  character  of  these  cones  rests  largely  on 
their  spore  characters,  and  information  on  these  is  rather  limited  for  S.feistmanteli,  the 
cone  described  here  has  been  made  the  basis  of  a new  species.  It  is  possible  that  on 
re-examination  of  the  original  specimens,  S.  feistmanteli  and  S.  ohioensis  may  prove 
to  be  the  same  species  of  hermaphrodite  cone,  of  which  S.  langfordi  and  S.  rugosus 
represent  megaspore-  and  microspore-bearing  segments  respectively. 
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Stratigraphic  ranges.  The  threefold  correlation  of  cone,  megaspores,  and  microspores 
naturally  gives  added  significance  to  the  stratigraphic  ranges  of  the  nearest  equivalent 
species  of  isolated  spores.  Unfortunately  relatively  few  workers  have  looked  systematic- 
ally at  both  megaspores  and  microspores  in  the  same  samples.  However,  for  those 
instances  where  this  has  been  done,  these  ranges  may  be  compared.  In  Europe  generally, 
combining  the  records  of  Potonie  and  Kremp  (1955,  1956n)  from  a number  of  European 
sources,  Densosporites  Solaris  and  D.  (Cristatisporites)  indignabundus  taken  together 
have  a range  throughout  the  Westphalian  B to  D,  the  same  range  (combined  European 
records)  as  that  of  Superhisporites  superbus,  given  by  those  authors.  Bhardwaj  (1957), 
examining  the  Saar  coals,  recorded  in  many  cases  both  small  spores  and  megaspores 
from  the  same  samples,  and  it  is  significant  in  the  context  of  the  present  work  that  the 
microspore  genera  Densosporites  and  Cristatisporites  and  the  megaspore  genus  Zonale- 
sporites  all  come  to  an  end  in  the  upper  part  of  the  Westphalian  C.  Kosanke  (1950) 
showed  that  the  genus  Densosporites  s.l.  (including  ‘Z>.  indignabundus'')  is  restricted  in 
Illinois  to  the  Tradewater  and  Caseyville  groups,  while  Winslow  (1959)  studying  mega- 
spores in  the  same  Illinois  coals  showed  that  the  zonati  section  of  Triletes  (zonate 
megaspores  including  Superbisporites,  Zonalesporites,  and  Rotatisporites)  are  restricted 
to  this  same  range.  Smith  (1957,  p.  360)  discussing  the  significance  of  the  association  of 
Densosporites  with  cracsidurite  bands  in  coal  refers  to  ‘Densospores  and  the  megaspores 
of  the  genus  Superbisporites  always  found  with  them’.  A more  significant  measure  of 
this  association  is  given  by  the  following  data  kindly  supplied  by  Dr.  H.  Grebe  (personal 
communication.  May  1961).  195  samples  from  four  boreholes  in  the  Westphalian  B and 
C of  the  Ruhr  (both  coals  and  shales  being  examined)  were  analysed  for  both  megaspores 
and  miospores.  Of  these  samples,  122  contained  densospores  {Densosporites  and/or 
Cristatisporites)',  58  contained  large  zonate  megaspores  (combined  Zonalesporites  and 
Superbisporites) ; and  of  these,  48  contained  both  large  zonate  megaspores  and  denso- 
spores. Testing  for  the  significance  of  the  association  of  these  two  groups  of  spores  gives 
a x“  value  of  14-9;  with  one  degree  of  freedom,  this  gives  a corresponding  value  for  p of 
less  than  OT  per  cent.  This  indicates  a very  strong  positive  correlation  between  the 
occurrence  of  densospores  and  the  large  zonate  megaspores  in  these  Ruhr  samples.  The 
spore  contents  of  Sporangiostrobus  ohioensis  suggest  that  this  correlation  is  due  at  least 
in  part  to  identity  of  parent  plant  rather  than  just  fortuitous  (e.g.  ecological)  association. 


EXPLANATION  OF  PLATE  1 1 

(All  figures  are  x 50  except  where  otherwise  stated,  and  were  photographed  by  transmitted  light). 

Figs.  1,  2.  Detail  of  equatorial  feature  of  Superbisporites  superbus.  1,  From  Ann  Arbor  Drift  coal 
(Mich.,  U.S.A.),  prepared  by  H.  H.  Bartlett.  2,  From  the  Sub-Babylon  coal  Fulton  County,  Illinois, 
U.S.A.  (feature  detached  from  the  spore  body).  Fig.  3,  Detail  of  megaspore  of  Sporangiostrobus 
ohioensis  sp.  nov.  Fig.  4,  Equatorial  feature  of  Rotatisporites  rotatus,  from  the  Namurian,  Ballycastle 
Coalfield,  N.  Ireland.  Fig.  5,  Hairs  on  the  distal  face  of  megaspore  of  S.  ohioensis,  X 80.  Fig.  6, 
Equatorial  feature  of  Rotatisporites  ramosus  from  the  Williamston  spore  coal,  Michigan,  U.S.A. 
Fig.  7,  Megaspore  of  S.  ohioensis,  split  around  part  of  the  margin  by  compression,  and  with  the 
equatorial  feature  damaged.  This  is  a compound  photograph  made  by  combining  the  central  body 
from  a negative  given  a long  exposure,  with  the  more  transparent  equatorial  feature  from  a negative 
of  shorter  exposure.  (Fig.  1,  Slide  no.  V.  43740;  fig.  2,  Slide  no.  V.  43738;  fig.  6,  Slide  no.  V.  43739, 
all  in  the  British  Museum,  Natural  History,  London.  Figs.  3,  5,  7,  Slide  no.  8134  Gy,  Palaeobotanical 
Collection,  New  York  Botanical  Garden.  Fig.  4,  Slide  no.  Mik  (C)  245,  Geological  Survey  and 
Museum,  London.) 
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The  genus  Porostrobus  Nathorst.  The  first  lycopod  cone  from  which  densospores  were 
obtained  was  Selaginellites  canonbiensis;  this  contained  microspores  closely  comparable 
with  Densosporites  loricatus  and  megaspores  agreeing  with  Setosisporites  hirsutus 
(Chaloner  19586).  Subsequently  Bhardwaj  (1958)  has  investigated  the  holotype  of 
Porostrobus  zeilleri  Nathorst  (a  similar  minute  lycopod  cone  compression)  and  has 
shown  it  to  contain  very  similar  megaspores  and  microspores.  Accordingly,  it  seems  that 
Selaginellites  canonbiensis  and  Porostrobus  zeilleri  show  no  differences  sufficient  to 
warrant  their  being  kept  in  separate  genera.  Inevitably  spore  characters  have  to  be 
rated  highly  in  defining  cone  compression  genera,  which  are  often  lacking  in  other 
usable  diagnostic  characters.  I placed  S.  canonbiensis  in  the  genus  Selaginellites  as  the 
most  suitable  genus  available,  rather  than  describing  a new  genus  on  the  basis  of 
a single  fragmentary  specimen.  In  the  light  of  Bhardwaj’s  work  it  seems  clear  that 
S.  canonbiensis  should  be  reassigned  as  Porostrobus  canonbiensis  comb.  nov. 

The  parent  plant  of  Nathorst’s  genus  Porostrobus  is  unknown ; the  association  of  the 
holotype  cone  with  Porodendron  (=  Bothrodendron)  is  hardly  a reliable  basis  for  suppos- 
ing them  to  represent  the  same  plant.  The  many  lycopod  cones  believed  on  good  grounds 
to  be  those  of  Lepidodendron  or  Sigillaria  are  much  larger  than  Porostrobus',  the  latter, 
together  with  the  several  species  of  cones  assigned  to  Selaginellites  Zeiller,  may  reason- 
ably be  supposed  to  represent  more  diminutive  plants  (viz.  ? herbaceous  ones). 

The  genus  Densosporites.  The  occurrence  of  spores  indistinguishable  from  Densosporites 
Solaris  Balme  and  D.  loricatus  in  two  very  different  cones  (Sporangiostrobus  ohioensis 
sp.  nov.  and  Porostrobus  canonbiensis  comb.  nov.  respectively)  offers  a sound  basis  for 
subdividing  the  genus  Densosporites.  Spore  genera  must  obviously  be  defined  in  terms 
of  characters  recognizable  in  the  spores  themselves;  but  the  demonstration  that  two 
extreme  species  in  a genus  {D.  Solaris  and  D.  loricatus)  represent  different  parent  plant 
genera  indicates  a botanical  basis  for  segregating  the  species  of  the  genus  Densosporites 
into  two  groups,  around  these  two  species.  Those  species  of  Densosporites  closest  to 
D.  Solaris  (and  so  to  the  genus  Cristatisporites)  appear  to  represent  a natural  alliance 
partially  coincident  with  Superbisporites  (megaspores)  and  Sporangiostrobus  (cones), 
while  those  Densosporites  species  (e.g.  D.  loricatus)  closest  to  Anulatisporites  P.  and  K. 
are  allied  to  Setosisporites  (megaspores)  and  Porostrobus  (cones).  From  Berry’s  illustra- 
tion of  the  holotype  of  Densosporites  and  Wilson’s  (1959)  recent  account,  it  is  clear  that 
the  holotype  of  the  genus  was  nearer  to  D.  loricatus  than  to  D.  Solaris.  Whatever  emenda- 
tion of  Densosporites  may  be  attempted  the  genus  must  be  retained  in  some  limited 
sense ; neither  the  fact  that  holotype  of  the  type  species  has  been  destroyed,  nor  that  the 
genus  has  become  ‘confused’  by  the  inclusion  of  a diversity  of  species,  is  a basis  for 
setting  it  aside.  Hughes’s  suggestion  (see  Hughes  and  Playford  1960)  that  Densosporites 
might  be  raised  to  the  level  of  a higher  taxon,  while  very  pertinent  does  not  weaken  the 
validity  of  Densosporites  Berry  s.s.  It  appears  that  Berry’s  genus  represents  a spore  type 
similar  to  the  microspores  of  Porostrobus  Nathorst;  while  some  other  species  included 
in  the  genus  Densosporites  (e.g.  D.  Solaris)  agree  closely  with  the  microspores  of  a very 
different  type  of  lycopod  cone  {Sporangiostrobus),  at  least  in  part,  and  may  better  be 
placed  in  a distinct  spore  genus  (e.g.  Cristatisporites  s.L). 
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NEW  INFORMATION  ON  THE  TOARCIAN 
AMMONITE  GENUS  PSEUDOLILLIA 
MAUBEUGE  1949 

by  D.  T.  DONOVAN 


Abstract.  The  genus  Pseudolillia  Maubeuge  is  redescribed  on  the  basis  of  new  material,  and  Ammonites  emi- 
lianiis  Reynas  is  assigned  to  it.  The  genus  is  characterized  by  straight  ribs  which  die  out  on  the  later  whorls, 
and  by  decrease  in  the  relative  diameter  of  the  umbilicus  with  increasing  size  of  the  shell.  It  is  provisionally 
placed  in  the  Subfamily  Grammoceratinae. 


The  discovery  in  Spain  of  some  ammonites  belonging  to  the  genus  Pseudolillia,  pre- 
viously known  only  by  the  holotype  of  the  type  species,  has  provided  an  opportunity  to 
amplify  the  original  description  of  the  genus.  Consideration  of  the  inner  whorls,  now 
described  for  the  first  time,  enables  the  species  long  ago  named  Ammonites  emiliamis 
by  Reynes  to  be  placed  in  Pseudolillia. 

The  new  material  was  collected  by  Mr.  O.  Renz,  on  behalf  of  Bataafse  Internationale 
Petroleum  Maatschappij,  N.V.,  who  have  given  permission  for  this  account  to  be  pub- 
lished. They  have  also  generously  presented  the  material  described  to  the  Geology 
Museum  of  the  University  of  Bristol.  I am  indebted  to  Dr.  M.  K.  Howarth  for  drawing 
my  attention  to  the  genus  Pseudolillia,  which  I had  overlooked,  and  to  Dr.  J.  Sornay 
for  sending  me  a plaster  cast  of  the  holotype  of  P.  murvillensis. 


SYSTEMATIC  ACCOUNT 

Family  hildoceratidae  Hyatt  1867 
Subfamily  grammoceratinae  Buckman  1904 
Genus  pseudolillia  Maubeuge  1949 

Type  species.  PseudoliUia  murvillensis  Maubeuge. 

Diagnosis.  Genus  of  Hildoeeratidae  with  ribs  on  the  inner  whorls  which  are  straight  on 
the  whorl  side,  and  curve  forwards  towards  the  periphery.  The  keel  may  be  flanked  by 
grooves.  With  increasing  size  the  shell  becomes  smooth,  the  ventral  grooves  disappear 
and  the  relative  size  of  the  umbilicus  decreases.  These  features  distinguish  the  genus 
from  others  in  the  family.  The  whorl-section  is  parallel-sided  in  the  early  stages,  becom- 
ing convergent  or  trigonal  later.  The  body-chamber  is  unknown. 

Pseudolillia  murvillensis  Maubeuge 
Plate  12;  text-figs.  1a,  b;  2a,  b 

1949  Pseudolillia  murvillensis  Maubeuge,  p.  150,  pi.  1,  pi.  2 (upper  figure). 

Type.  The  holotype,  from  the  Mine  de  Murville  (Meurthe-et-Moselle),  France,  is  in  the  Museum 
d’FIistoire  Naturelle,  Paris. 

[Palaeontology,  Vol.  5,  Part  1,  1962,  pp.  86-92,  pi.  12.] 
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An  example  from  Salas  de  los  Infantes,  48  km.  south-east  of  Burgos,  Spain  (University 
of  Bristol  Geology  Museum  no.  15230),  shows  the  inner  whorls  and  supplements  the 
original  description.  On  the  basis  of  this  specimen  and  the  holotype  the  species  may  be 
described  as  follows: 

The  early  whorls  are  compressed  and  ornamented  with  close,  straight  ribbing.  The 
whorl-section  at  this  stage  is  nearly  parallel-sided.  By  a diameter  of  5 or  6 cm.  the  whorl- 
section  has  become  more  nearly  trigonal,  and  a little  later  the  umbilical  wall  becomes 
steep  and  sharply  demarcated  from  the  whorl-side.  From  a size  of  about  10  cm.  the 
inner  half  of  the  whorl-side  is  smooth,  only  the  peripheral  ends  of  the  ribs  remaining. 
These  are  fairly  strong  on  the  holotype,  faint  on  the  Spanish  example.  The  present 


TEXT-FIG.  1 . Whorl  sections  of  the  example  of  PseudoliUia  murviUensis  figured  in 
Plate  12,  figs.  1,2.  a,  at  a diameter  of  7 0 cm.,  b,  at  a diameter  of  11-5  cm.  Natural 

size. 


writer  disagrees  with  Maubeuge’s  statement  that  the  ribs  are  joined  in  pairs  at  their 
inner  ends,  for  a careful  examination  in  oblique  light  has  failed  to  reveal  such  a feature. 
The  inner  ends  of  the  ribs  merge  into  the  surface  of  the  shell,  and  if  an  isolated  pair  of 
ribs  be  examined,  this  could  perhaps  be  mistaken  for  junction. 

The  holotype,  as  Maubeuge  pointed  out,  retains  a short  section  of  a high,  compressed 
keel,  and  this  feature  is  seen  in  transverse  section  on  the  inner  whorls  of  the  Spanish 
example.  The  keel  was  septate  and  the  impression  of  the  septum  may  be  seen  on  the 
holotype,  which  is  an  internal  mould.  The  keel  is  flanked  by  well-marked  shoulders. 

The  septal  suture  is  moderately  reduced,  that  is,  the  minor  indentations  are  small  and 
blunt.  The  first  lateral  saddle  has  a well-marked  median  incision.  The  second  lateral 
saddle  has  a smaller  incision  on  the  Spanish  example;  it  is  not  clearly  visible  on  the 
holotype.  The  first  lateral  lobe  is  strongly  asymmetrical,  and  in  the  Spanish  example 
has  a prominent  little  saddle  on  the  ventral  side ; this  element  is  not  well  differentiated 
on  the  holotype.  The  saddles  are  much  longer  on  the  holotype  than  on  the  Spanish 
example. 

The  holotype  is  still  septate  at  its  maximum  diameter  of  15T  cm.,  and  bears  the  trace 
of  the  umbilical  suture  of  another  full  whorl.  The  maximum  size  can  hardly  have  been 
less  than  30  cm.  The  umbilicus  of  the  inner  whorls  of  the  Spanish  example  is  about 
40  per  cent,  of  the  diameter,  while  at  a diameter  of  13-0  cm.  it  is  only  32  per  cent.  The 
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whorl  thickness  at  the  same  size  is  28  per  cent,  of  the  diameter.  The  holotype  at  the  same 
size  (13-0  cm.)  has  similar  proportions;  it  cannot  be  measured  at  smaller  sizes. 

Notes  on  other  examples.  An  ammonite  collected  by  O.  Renz  from  el  Cortijo,  north  of 
Granada,  Spain,  University  of  Bristol  Geology  Museum  no.  15232,  agrees  fairly  well 
with  the  inner  whorls  of  no.  15230.  Close  comparison  is  impossible  because  no.  15232 
is  partly  weathered,  and  probably  slightly  crushed.  It  is  wholly  septate  and  has  a 
diameter  of  7-7  cm.,  and  an  umbilicus  35  per  cent,  of  the  diameter.  A diagram  recon- 
structed from  drawings  of  it  is  shown  in  text-fig.  2a,  b. 

Monsieur  R.  du  Dresnay  has  kindly  sent  me  for  examination  a whorl  fragment  collected 
by  him  in  beds  with  Paroniceras  near  Habbou  el  Kehal,  between  Bou  Arfa  and  Figuig, 
in  the  eastern  part  of  the  High  Atlas,  Morocco.  It  belongs  to  the  septate  part  of  an 
ammonite,  between  3 and  4 cm.  in  diameter,  and  agrees  with  P.  murvillensis,  although  it 
is  inadequate  for  identification  beyond  doubt. 

Stratigrapliical  horizon.  The  holotype  was  found  associated  with  Pseudogrammoceras 
subfallacioswn  S.  S.  Buckman,  below  beds  with  Phlyseogrammoceras  dispansum  (Lycett) 
(Maubeuge  1949,  p.  150).  This  record  clearly  places  it  in  the  Struckmanni  Subzone  of 
the  Thouarsense  Zone  in  the  new  zonal  scheme  for  the  Upper  Toarcian  recently  proposed 
(Dean,  Donovan,  and  Howarth  1961,  p.  487). 

The  example  from  Salas  de  los  Infantes  (no.  15230)  forms  part  of  the  lowest  Toarcian 
assemblage  from  that  locality.  The  stratigraphical  diagram  supplied  by  B.I.P.M.  shows 
that  this  assemblage  was  collected  from  a vertical  thickness  of  about  20  metres  of  beds. 
Some  of  the  ammonites  are  mere  weathered  fragments,  clearly  picked  up  loose,  and  the 
relative  positions  of  the  others  are  not  recorded.  They  include  two  species  of  strati- 
graphical value;  Hildoceras  sublevisioni  Fucini,  which  indicates  the  Mercati  Zone  of  the 
sequence  established  by  the  writer  in  southern  Switzerland  and  Italy  (Donovan  1958), 
and  Z)n;no/T/(?/7‘a  aft',  levesquei  (D’Orbigny),  indicating  the  Meneghinii  Zone.  There  are  no 
fossils  certainly  attributable  to  the  intervening  Erbaense  Zone.  The  example  of  Pseudo- 
lillia  murvillensis  is  likely  to  have  come  from  the  Mercati,  Erbaense,  or  Meneghinii  Zone 
but  cannot  be  more  precisely  dated. 

The  example  from  el  Cortijo  (no.  15232)  was  collected  from  beds  of  Ammonitico  rosso 
facies,  overlying  grey  marls  and  limestones  of  ‘Germanic’  type,  and  below  Middle 
Jurassic  silts  and  shaly  silts  with  chert  layers.  The  associated  fossils  are  Hildoceras 
sublevisoni  Fucini  and  Mercaticeras  cf.  iimbilicatiim  Buckman,  both  indicating  the 
Mercati  Zone,  and  Erycites  sp.  indet.  which  cannot  be  earlier  than  Erbaense  Zone. 
No  stratigraphical  order  is  recorded  for  these  fossils,  and  again  the  Pseiidolillia  cannot 
be  exactly  dated. 

The  fragment  from  Morocco  found  by  M.  du  Dresnay  was  associated  with  examples 
of  Paroniceras,  above  the  horizon  of  Hildoceras.  In  southern  Europe  Paroniceras  is 


EXPLANATION  OF  PLATE  12 

Figs.  1-4.  Pseiidolillia  murvillensis  Maubeuge.  1,  2,  From  the  Toarcian  of  Salas  de  los  Infantes, 
south-east  of  Burgos,  Spain.  Universityof  Bristol  Geology  Museum  no.  15230.  Fig.  1 is  natural  size, 
fig.  2 is  reduced  xO-77.  3,4,  The  holotype  from  the  Toarcian  of  the  Mine  de  Murville  (Meurthe-et- 
Moselle),  France,  both  figures  reduced  xO-75.  From  a plaster  cast  of  the  original,  Bristol  University 
Geology  Museum  no.  15396. 
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TEXT-FIG.  2.  A,  B Restored  diagrammatic  side  view  and  whorl  section  of  a specimen  of  PseudoWUa 
aff.  miirviUensis  Maubeuge  from  el  Cortijo,  north  of  Granada,  Spain.  University  of  Bristol  Geology 
Museum,  no.  15232,  natural  size,  c,  d.  Side  view  and  whorl  section  of  an  example  of  Pseuclolillia 
emiliana  (Reynes)  from  Salas  de  los  Infantes,  south-east  of  Burgos,  Spain.  University  of  Bristol 

Geology  Museum  no.  15231,  natural  size. 
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characteristic  of  the  Bayani  Subzone  of  the  Erbaense  Zone  (Donovan  1958,  p.  45),  and 
the  Moroccan  Pseudolillia  probably,  therefore,  belongs  to  this  horizon. 

PseudoUUia  emiliana  (Reynes) 

Text-fig.  2c,  D 

1868  Ammonites  Emilianiis  Reynes,  p.  104,  pi.  6,  figs.  la-c. 

1874  Ammonites  Emilianus  (Reynes)  Dumortier,  p.  64. 

1921  Hiklocems  Emilianitm  Reynes,  Monestier,  p.  22,  pi.  1,  figs.  14,  15,  ?fig.  16;  pi.  4,fig.  23. 

Type.  Reynes’s  figures  probably  represent  a specimen  in  the  Museum  d’Histoire  naturelle  de  Marseille, 
no.  6564,  enlarged  to  twice  natural  size.  The  drawing  is  not  exact  and  the  umbilicus  is  shown  too  small, 
about  30  per  cent,  of  the  diameter  instead  of  34  per  cent. 

Remarks.  The  only  worker  to  revise  the  species  has  been  Monestier,  who  examined 
about  twenty  examples.  The  two  that  he  illustrated  have  slightly  larger  umbilici  than 
the  supposed  type,  but  are  otherwise  in  good  agreement.  Reynes  and  Monestier  figured 
the  inner  whorls  only.  A new  specimen  from  Salas  de  los  Infantes  (no.  15231,  text-fig. 
2c,  d)  found  by  O.  Renz,  exemplifies  the  later  development  and  shows  that  the  umbilicus 
becomes  smaller,  and  the  ribbing  fainter,  with  increasing  size.  At  a diameter  of  about 
11-5  cm.  the  umbilicus  is  only  24  per  cent.,  and  only  the  faint  peripheral  ends  of  the 
ribs  can  be  seen.  The  body-chamber  is  missing;  when  complete  the  individual  could  not 
have  been  less  than  about  16  cm.  in  diameter. 

Stratigraphical  horizon.  Reynes  (1868,  p.  104)  recorded  Am.  emilianus  from  the  Bifrons 
Zone,  which  he  introduced  for  the  middle  part  of  the  Toarcian  stage,  above  the  Serpenti- 
num  and  below  the  Jurense  Zone.  Monestier  (1921,  pp.  22,  23)  declared  that  this  was 
wrong,  and  that  in  the  Aveyronnais  the  species  was  found  exclusively  in  his  ‘Zone  a 
Polyplectus  discoides  et  Hammatoceras  insigne'  which  lies  above  the  zone  of  Pseiido- 
grammoceras  expeditum  (=  fallaciosum)  and  below  that  of  Phlyseogrammoceras 
dispansum  (Monestier  1921,  p.  5),  and  corresponds  approximately  to  the  Struckmanni 
Subzone  of  Dean,  Donovan,  and  Howarth  (1961,  p.  487)  and  to  part  of  the  Bayani 
Subzone  in  the  scheme  proposed  for  the  Italian  succession  by  the  present  writer.  The 
latter  correlation  is  confirmed  by  the  presence  of  Paroniceras  in  Monestier’s  Zone  of 
P.  discoides  and  H.  insigne  (Monestier  1921,  pp.  8,  9;  Donovan  1958,  p.  45). 

The  Spanish  example  (no.  15231)  was  found  at  the  same  place  as  the  specimen  of 
PseudoUUia  murvillensis,  the  horizon  of  which  has  already  been  discussed. 

AGE  AND  AFFINITIES  OF  PSEUDOLILLIA 

Stratigraphical  position.  Datable  occurrences  of  Pseudolillia  fall  in  the  Thouarsense 
Zone,  Struckmanni  Subzone  of  the  North-west  European  Province,  and  in  the  Erbaense 
Zone,  Bayani  Subzone,  of  the  Mediterranean  Province. 

Geographical  distribution.  PseudoUUia  is  at  present  recorded  from  north-eastern  France 
(Meurthe  and  Moselle  Dept.),  southern  France,  Spain,  and  eastern  Morocco.  The 
Aveyron  district  appears  to  be  the  only  area  where  more  than  one  or  two  specimens 
have  been  found,  and  even  there  the  species  is  ‘assez  rare’  (Monestier  1921,  p.  22). 
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Affinities.  Maubeuge  did  not  assign  Pseudolillia  to  a family,  but  stated  that  it  was  most 
nearly  comparable  to  Lillia.  Arkell  (1957,  p.  L266)  did  not  uphold  the  genus,  regarding  it 
as  a possible  synonym  of  Brodieia  in  the  Subfamily  Phymatoceratinae  (Family  Hamma- 
toceratidae).  Both  these  views  were  presumably  founded  on  the  supposed  paired  ribs, 
which  are  not  accepted  by  the  present  writer. 

Pseudolillia  is  now  placed  in  the  Grammoceratinae  on  account  of  the  straight  ribs  on 
the  inner  whorls,  which  can  be  matched  in  later  members  of  the  subfamily  such  as 
Dumortieria.  The  Grammoceratinae  probably  evolved  from  species  of  Mercaticeras  such 
as  M.  imihilicatum  S.  S.  Buckman,  by  loss  of  the  ventral  grooves,  greater  compression 
of  the  whorl,  increase  in  the  rib-frequency,  and  other  changes.  These  changes  must  have 
taken  place  early  in  the  Bayani  Subzone  of  the  Italian  sequence  (the  range  of  Mercati- 
ceras in  terms  of  the  north-west  European  zones  is  not  well  known).  At  the  beginning  of 
the  succeeding  Meneghinii  Zone  straight  ribbing  was  evolved  in  Dumortieria,  bed  Pseudo- 
lillia  was  already  in  existence  in  the  Bayani  Subzone.  It  is  not  considered  ancestral  to 
Dumortieria  because  the  latter  genus  retains  the  shell-form  of  Grammoceras,  and  both 
these  genera  show  little  change  of  ornament  or  shell-form  with  growth,  whereas  Pseudo- 
lillia  shows  modification  of  both.  Moreover,  Pseudolillia  has  the  flattened  or  (on  the 
early  whorls  of  some  examples)  grooved  venter  characteristic  of  Mercaticeras  and  other 
Hildoceratinae,  while  in  most  Grammoceratinae  this  character  has  been  lost  and  the 
venter  is  fastigate. 

Pseudolillia  may  be  ancestral  to  Hudlestonia,  recently  included  in  Grammoceratinae 
(Arkell  1957,  p.  L262).  The  change  of  ornament  with  growth  in  the  two  genera  is  com- 
parable, but  the  outer  whorls  of  Hudlestonia  acquire  a fastigate  or  acute  venter.  The 
suture-lines  of  the  two  genera  are  similar  in  general  outline,  but  that  of  Hudlestonia  is 
even  more  ‘degenerate’ — that  is,  the  minor  subdivisions  are  less  deeply  incised.  Some 
species,  at  least,  of  Hudlestonia  have  more  sinuous  ribs  than  Pseudolillia,  and  the  ribs 
may  be  joined  near  the  umbilical  margin. 

The  earliest  record  of  Hudlestonia  is  from  the  Dispansum  Subzone  (Dean  1954,  p. 
177),  which  succeeds  the  Struckmanni  Subzone  in  which  Pseudolillia  is  found  in  north- 
west Europe,  so  the  suggested  evolution  is  in  accordance  with  the  stratigraphical  se- 
quence of  the  two  genera. 

Both  Pseudolillia  and  Hudlestonia  are  distinct,  as  regards  sequence  of  ornament  and 
shell-form,  from  the  other  Grammoceratinae,  and  it  may  be  found  convenient,  in  future 
systematic  work,  to  revive  Maubeuge’s  Subfamily  ‘Hudlestoniae’  {recte  Hudlestoniinae) 
(Maubeuge  1950,  p.  391),  which  was  regarded  as  synonymous  with  Grammoceratinae 
by  Arkell  (1957,  p.  L260). 

The  inner  whorls  of  Pseudolillia  are  nearly  homeomorphous  with  straight-ribbed 
Hildoceratidae  of  different  stratigraphical  ages.  Those  most  likely  to  be  confused  are 
Arieticeras  from  the  Domerian  and  Dumortieria  from  higher  beds  in  the  Toarcian. 
Typical  Arieticeras  are  very  evolute,  the  umbilicus  being  about  50  per  cent,  of  the 
diameter,  with  stout  ribbing.  Dumortieria  can  be  distinguished  by  its  ventral  aspect,  the 
ribs  ending  bluntly  without  the  forward  projection  found  in  Pseudolillia,  and  by  the  keel 
being  blunt  and  never  flanked  by  well-marked  grooves  or  smooth  bands. 
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THE  YORKSHIRE  TYPE  AMMONITES  AND 
NAUTILOIDS  OF  YOUNG  AND  BIRD, 
PHILLIPS,  AND  MARTIN  SIMPSON 

by  M.  K.  HOWARTH 


Abstract.  The  work  of  figuring  and  interpreting  the  Yorkshire  Mesozoic  ammonite  species  of  Young  and  Bird, 
Phillips,  and  Martin  Simpson  started  by  Buckman  in  his  well-known  Yorkshire  Type  Ammonites  is  completed 
and  critically  revised.  In  addition  to  the  Jurassic  ammonites  dealt  with  by  Buckman,  the  nautiloids  and  Creta- 
ceous ammonites  are  also  figured  and  interpreted,  as  well  as  the  remaining  Jurassic  ammonites.  The  type  speci- 
mens of  38  species  are  figured,  many  of  them  for  the  first  time.  Of  the  225  specific  names  proposed  by  the  four 
Yorkshire  authors,  188  can  now  be  interpreted  from  figured  type  specimens,  and  out  of  the  37  remaining,  27 
have  no  type  specimens  and  cannot  be  interpreted  with  sufficient  accuracy  to  be  of  use  or  to  be  put  in  synonymy. 
It  is  emphasized  that  all  the  specific  names  are  valid  according  to  the  Rules  of  Nomenclature  from  the  date  of 
their  original  proposal,  and  the  authenticity  of  their  type  specimens  is  established  in  each  case. 


INTRODUCTION 

Tn  the  early  days  of  Geology  four  authorities  dealt  with  the  Jurassic  fossils  of  Yorkshire:  Young 
& Bird,  John  Phillips,  and  Martin  Simpson.  They  named  a large  number  of  species,  but  their  task  was 
inadequately  performed:  Young  & Bird  described  their  species  very  shortly,  giving  poor  figures  of  a 
portion  only;  Phillips  issued  mere  sketches,  and  gave  no  descriptions;  while  Simpson  furnished  good 
descriptions,  but  gave  no  figures. 

‘Phillips'  types  are  lost,  stolen  in  London  from  a coaching  inn:  perhaps  they  lie  at  the  bottom  of  the 
Thames.  However,  the  majority  of  the  types  of  Young  & Bird,  and  of  Simpson,  are  contained  in 
Whitby  Museum,  with  which  Young,  Bird,  and  Simpson  were  connected;  the  specimens  are,  for  the 
most  part,  readily  identifiable  from  the  Museum  registers,  as  well  as  from  other  indications.  They 
form  a fine  collection:  there  will  be,  perhaps,  150  or  more  species;  and  in  regard  to  the  majority  of 
them,  authors,  both  British  and  foreign,  have  failed  to  interpret  the  Yorkshire  writers  correctly,  which 
is  not  surprising.’  (Buckman  1909,  p.  hi.) 


These  paragraphs  stand  at  the  opening  of  Buckman’s  Yorkshire  Type  Ammonites  (1909- 
19)  and  its  continuation  Type  Ammonites  (1919-30).  In  this  well-known  work  Buckman 
figured  the  primary  type  specimens  of  136  of  Young  and  Bird’s,  Phillips’s,  and  Simpson’s 
species  of  Yorkshire  Jurassic  ammonites,  and  this  is  generally  considered  to  be  one  of 
his  greatest  contributions  to  factual  palaeontology.  In  all,  225  new  specific  names  were 
created  for  Yorkshire  ammonites  and  nautiloids  in  the  eight  works  of  Young  and  Bird 
(1822;  1828),  Phillips  (1829;  1835;  1875)  and  Simpson  (1843;  1855;  1884),  comprising 
201  Jurassic  ammonites,  17  Cretaceous  ammonites,  and  7 Jurassic  nautiloids.  In  this 
paper  an  attempt  is  made  to  complete  the  accurate  interpretation  of  these  early  York- 
shire species  by  figuring  all  the  remaining  type  specimens  still  in  existence.  In  fact,  the 
primary  type  specimens  and  neotypes  of  a further  38  species  are  figured  here;  these 
include  some  of  the  Cretaceous  ammonites  and  nautiloids  as  well,  for,  although  Buck- 
man  was  concerned  only  with  the  Jurassic  ammonites,  it  will  enable  the  holotypes  of  the 
type  species  of  two  Cretaceous  genera  to  be  figured  photographically  for  the  first  time. 

[Palaeontology,  Vol.  5,  Part  1,  1962,  pp.  93-136,  pis.  13-19.] 
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Out  of  the  total  of  225  species,  37  now  remain  uninterpretable  from  any  sort  of  type 
specimen,  but  from  their  original  descriptions  10  of  these  are  specifically  determinable 
or  are  synonyms  of  other  well-defined  species,  so  that  only  27  specific  names  remain 
finally  unusable.  The  importance  of  these  early  specific  names  may  be  judged  from  the 
fact  that  28  of  the  225  species  have  been  made  type  species  of  genera,  and  20  of  these 
are  now  considered  worthy  of  generic  or  subgeneric  status,  while  the  remaining  8 are 
synonyms  of  other  genera. 

Although  Buckman  specifically  warned  against  it  in  his  introduction  to  Yorkshire 
Type  Ammouites  (1909,  p.  iii),  Simpson’s  species  are  still  summarily  dismissed  or 
wrongly  attributed  by  some  authors.  Spath  (1925,  pp.  112,  140)  dismissed  three  of 
Simpson’s  unfigured  species  with  ‘These  nomina  inida  ought  to  be  ignored’,  and  again, 
‘These,  however,  are  nomina  nuda,  and  quite  unrecognizable  from  the  descriptions’.  In 
the  same  paper  Spath  frequently  attributed  Simpson’s  species  to  ‘(Simpson)  S.  Buckman 
sp.’.  Arkell  (1957,  pp.  L240,  243,  256,  258,  &c.)  in  a recent  work  has  used  the  wrong 
author  attribution  ‘Simpson  in  Buckman’,  referring  to  figures  in  Yorkshire  Type  Ammo- 
nites. Donovan  (1958,  pp.  47,  48)  has  attributed  some  of  Simpson’s  species  to  ‘Buckman, 
ex.  Simpson’,  and  in  addition  he  has  cast  doubts  on  the  authenticity  of  some  of  the 
types  figured  by  Buckman  with  the  statement  ‘supposed  type  figured’  when  citing  the 
figured  holotypes  of  three  well-known  Upper  Lias  species  of  Young  and  Bird  and 
Simpson. 

It  must  be  emphasized  that  none  of  the  species  of  Young  and  Bird,  Phillips,  and 
Simpson  are  nomina  nuda,  and  all  of  them,  originally  figured  or  unfigured,  are  valid 
according  to  the  Rules  of  Nomenclature.  There  is  no  reason  to  single  out  these  York- 
shire species  for  treatment  different  to  that  given  to  the  ammonite  species  erected  by 
such  authors  as  Bruguiere,  Lamarck,  de  Montfort,  Reinecke,  Schlotheim,  and  Zieten. 
The  species  of  the  latter  authors  are  universally  accepted,  but  their  original  descriptions 
were  no  better  than  those  of  Simpson,  and  some  were  much  more  general  and  less 
specific;  the  figures  which  illustrate  a few  of  their  species  are  no  better  than  the  best  of 
Young  and  Bird’s  figures,  and  those  of  some  well-known  species,  such  as  Amaltheus 
margaritatus  de  Montfort,  are  much  poorer.  Even  some  of  the  Sowerbys’s  species  are 
no  better  described  and  figured  than  the  best  of  Young  and  Bird’s  and  Phillips’s  species. 
It  cannot  be  held  that  the  Yorkshire  species  should  lapse  through  long  disuse,  for  they 
were  well  known  to  later  British  workers  such  as  Tate  and  Blake  (1876)  and  Wright 
(1878-86),  even  though  they  were  mostly  incorrectly  interpreted  by  them  according  to 
modern  ideas.  D’Orbigny,  Quenstedt,  and  Reynes  were  no  more  accurate  in  their 
interpretations  of  the  species  of  early  continental  workers.  There  is,  therefore,  no 
reason  to  ignore  or  to  change  the  authorship  or  priority  of  any  of  the  Yorkshire  species, 
until  it  can  be  shown  that  no  satisfactory  type  specimen  can  be  obtained.  It  is  unfortu- 
nate that  very  few,  if  any,  of  the  species  of  these  Yorkshire  and  continental  authors 
could  be  satisfactorily  understood  until  their  type  specimens  were  figured.  Some  of  the 
species  still  remain  to  be  properly  interpreted  by  means  of  a figured  type  specimen,  and 
this  paper  is  an  attempt  to  provide  interpretations  of  as  many  of  the  Yorkshire  species 
as  is  now  possible. 

The  question  of  the  authenticity  of  the  type  specimens  is  concerned  with  those  pre- 
served at  Whitby  Museum.  During  the  time  that  Simpson  was  curator  of  Whitby 
Museum  he  prepared  a manuscript  ‘Catalogue  of  the  Contents  of  the  Whitby  Museum 
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(referred  to  later  in  this  paper  as  Simpson’s  Catalogue),  in  which  all  the  specimens  were 
listed  and  identified  under  register  numbers.  In  the  descriptions  of  Simpson’s  new 
species  a statement  of  the  size  of  the  specimen  described  (the  holotype)  is  often  given, 
and  sometimes  there  are  remarks  relating  to  details  of  its  preservation.  In  almost  every 
case  this  holotype  can  be  readily  recognized  from  amongst  the  specimens  identified  with 
that  species  in  Simpson’s  Catalogue.  Where  doubts  exist,  or  when  the  original  descrip- 
tion is  too  general,  all  the  specimens  which  Simpson  used  to  draw  up  the  description 
are  considered  syntypes,  and  appropriate  designations  are  made.  In  some  cases  the  only 
specimen  remaining  is  clearly  not  the  holotype,  but  is  a paratype,  or  even  a later  topo- 
type,  and  this  is  stated  in  the  descriptions  below.  Young  and  Bird’s  descriptions  and 
figures  are  in  general  less  accurate  and  detailed,  but  where  precise  details  do  occur  the 
specimen  can  usually  be  recognized  from  the  identifications  in  Simpson’s  Catalogue. 
The  author  is  satisfied  that  where  a specimen  is  claimed  to  be  a primary  type  in  the 
present  paper,  its  authenticity  is  beyond  reasonable  doubt. 

Young  and  Bird’s  type  specimens  were  all  at  Whitby  Museum,  except  for  a few  in  the 
Bean  Collection  which  were  transferred  to  York  Museum,  where  some  are  still  preserved 
(Melmore  1947,  pp.  235-6).  The  whereabouts  of  Phillips’s  figured  specimens  are  listed 
in  his  plate  explanations  (1835,  pp.  177-84;  1875,  p.  321).  Many  can  still  be  found  at  the 
museums  indicated,  but  those  in  Phillips’s  own  collection  are  known  to  be  lost,  those  in 
Bean’s  collection  went  to  York  Museum  with  one  exception,  and  those  in  the  Williamson 
Collection  went  to  Scarborough  Museum,  where  only  a few  now  remain.  Simpson’s 
types  were  all  at  Whitby  Museum,  except  when  stated  otherwise  in  his  descriptions,  and 
most  of  the  types  not  at  Whitby  have  now  been  traced. 

In  the  list  of  the  species  presented  here  substitution  of  the  preoccupied  names  has  not 
been  attempted,  for  this  is  best  left  until  a revision  of  the  group  concerned  is  undertaken. 
Specific  relationships  and  synonymies  are  only  given  in  those  cases  of  which  the  author 
has  special  knowledge,  or  where  the  relationships  are  quite  clear. 

Dimensions  of  the  type  specimens  are  given  as  follows:  diameter:  whorl  height,  whorl 
breadth  (thickness),  width  of  umbilicus.  The  whorl  height  is  measured  from  the  umbili- 
cal seam  or  umbilical  edge  to  the  mid-ventral  line.  All  the  figures  are  in  millimetres,  and 
this  notation  is  not  the  same  as  in  Buckman’s  Type  Ammonites,  where  the  latter  three 
figures  are  expressed  as  percentages  of  the  diameter. 

The  following  abbreviations  are  used: 

WM  Whitby  Museum. 

YM  York  Museum. 

BM  British  Museum  (Natural  History). 

GSM  Geological  Survey  Museum,  London. 

SM  Sedgwick  Museum,  Cambridge. 

The  discovery  of  the  type  specimens  figured  here  has  entailed  a good  deal  of  searching  through 
collections  at  various  museums,  and  the  author  is  indebted  to  the  following  authorities  and  curators  in 
charge  of  collections  for  freely  offering  facilities  to  search  collections  under  their  charge,  for  answering 
inquiries,  and  for  the  loan  of  type  specimens:  Dr.  J.  E.  Hemingway;  Miss  D.  M.  Walker  at  Whitby 
Museum ; Mr.  G.  F.  Willmot  at  York  Museum ; Mr.  R.  V.  Melville  at  the  Geological  Survey;  Mr.  A.  G. 
Brighton  at  the  Sedgwick  Museum;  Mr.  G.  G.  Watson  at  Scarborough  Museum;  Dr.  J.  Weir;  Mr. 
R.  W.  Flett  and  Dr.  G.  E.  Bowes  at  the  Royal  College  of  Science  and  Technology,  Glasgow;  Miss  B. 
Green  at  Castle  Museum,  Norwich;  Miss  S.  M.  Davis  at  Saffron  Walden  Museum. 
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NAUTILOID  SPECIES 

Family  nautilidae  d’Orbigny  1840 
Genus  cenoceras  Hyatt  1883 

1.  Cenoceras  annulare  (Phillips) 

Plate  13,  figs.  2a,  b 

Nautilus  annularis  Phillips  1829,  p.  163,  pi.  12,  fig.  18;  1835,  p.  134,  pi.  12,  fig.  18;  1875,  p.  263, 
pi.  12,  fig.  18. 

Holotype.  WM  62;  Lower  Lias,  Robin  Hood’s  Bay.  Dimensions:  66-5  mm.:  34-8,  — , 1 L9. 

Phillips  stated  (1829,  p.  163)  that  his  type  was  in  Whitby  Museum,  and  the  specimen  now  figured  is 
clearly  the  original  of  his  drawing.  Where  the  shell  is  preserved  it  has  ribs  on  the  side  of  the  whorl 
which  are  sharp  near  the  umbilical  edge,  slope  strongly  backwards  on  the  side  of  the  whorl,  and  flatten 
out  and  fade  before  reaching  the  venter.  These  ribs  do  not  occur  on  the  internal  cast.  There  are  also 
fine  reticulate  striae  on  the  outside  surface  of  the  shell.  The  suture-lines  are  almost  straight. 

2.  Cenoceras  heterogeneuni  (Simpson) 

Plate  13,  figs,  la-c 

Nautilus  lieterogeneus  Simpson  1855,  p.  33;  1884,  p.  60. 

Holotvpe.  WM  442,  probably  from  the  Lower  Lias.  The  locality  is  not  known.  Dimensions:  51-5  mm.: 
27-0,  32-2,  11-7. 

The  holotype  is  wholly  septate  and  has  shell  preserved  only  on  a small  part  at  the  beginning  of  the 
outer  whorl.  Faint  intersecting  longitudinal  and  transverse  striae  can  be  seen  as  described  by  Simpson, 
the  transverse  striae  bending  away  from  the  aperture  in  crossing  the  venter.  The  tubercles,  also  described 
by  Simpson,  are  small  projections  on  the  inside  surface  of  the  dorsal  part  of  the  next  outer  whorl,  and 
they  are  not  part  of  the  shell  of  the  whorls  now  preserved.  The  second  ‘siphuncle’  is  at  the  mid-dorsal 
margin  of  the  septa  and  is  a small  posterior  projection  in  the  septal  surface;  projections  of  adjacent 
septa  are  not  connected.  This  character  is  known  in  many  other  forms  and  it  was  made  the  basis  of  the 
genus  Bisiphytes  Montfort  1808,  but  this  genus  is  now  held  to  be  synonymous  with  Cenoceras  Hyatt 
1883  (see  Kummel  1956,  pp.  364-6). 

3.  Cenoceras  undulatum  (Young  and  Bird,  non  Sowerby) 

Nautilus  uudulatus  Young  and  Bird  1828,  p.  272  {)ion  J.  Sowerby  1813). 

Holotype.  WM  62,  also  the  holotype  of  Cenoceras  annulare  (Phillips),  described  and  figured  above  (see 
Simpson  1855,  pp.  33-34;  1884,  pp.  59-60). 

4.  Cenoceras  astacoides  (Young  and  Bird) 

Plate  13,  figs.  3a,  b \ Plate  14,  fig.  1 

Nautilus  pompilius  Young  and  Bird  1822,  p.  254,  pi.  13,  fig.  2 (non  Linne). 

Nautilus  astacoides  Young  and  Bird  1828,  p.  270,  pi.  13,  fig.  2. 

EXPLANATION  OF  PLATE  13 

Figs.  \a-c.  Cenoceras  heterogeneum  (Simpson).  Holotype,  WM  442.  Probably  Lower  Lias;  north 
Yorkshire  coast. 

Figs.  2fl,  6.  Cenoceras  annulare  (¥\v\\V\pis).  Holotype,  WM  62.  Lower  Lias;  Robin  Hood’s  Bay. 

Figs.  3a,  b.  Cenoceras  astacoides  (Young  and  Bird).  Paratype  (?  holotype),  WM  61.  Upper  Lias, 
Alum  Shales;  foreshore  east  of  Whitby.  xO-35.  For  apertural  view  see  Plate  14,  fig.  1. 

All  figures  natural  size,  except  figs.  3a,  b. 
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Type.  The  paratype  or  holotype  is  WM  61,  from  the  Alum  Shale,  Bifrons  Zone,  on  the  foreshore  east 
of  Whitby.  Dimensions;  282  mm.:  175,  171,  — This  is  the  11  inch  by  8 inch  specimen  described  by 
Young  and  Bird  in  1828  (p.  270),  but  it  is  not  certain  that  it  is  the  specimen  figured  in  their  Plate  13, 
fig.  2,  which  has  a smooth  septal  surface  at  the  aperture. 

The  specimen  is  wholly  septate,  a septum  occurring  just  before  the  aperture,  and  the  suture  lines  are 
almost  straight.  Fragments  of  shell  are  preserved  in  a few  places  and  these  show  well-developed 
longitudinal  striae. 

5.  Nautilus  reticularis  Simpson,  non  Deshayes,  non  Hauer 

Naiiti'iis  reticularis  Simpson  1884,  p.  59  {non  Deshayes  1827,  non  Hauer  1846). 

The  holotype  of  this  Upper  Lias  ? Cenoceras  is  lost,  and  the  species  is  not  now  interpretable. 

6.  Nautilus  youngi  Simpson 

Nautilus  astacoides  Simpson  1855,  p.  33  (non  Young  and  Bird  1828). 

Nautilus  youngi  Simpson  1 884,  p.  59. 

The  holotype  is  lost,  and  the  species  cannot  now  be  interpreted. 

7.  Nautilus  maltonenis  Young  and  Bird 

Nautilus  maltonensis  Young  and  Bird  1828,  p.  271. 

The  holotype,  probably  a Paraceuoceras  from  the  Mahon  Oolite,  is  lost,  and  the  species  cannot  be 
identified  from  the  description  alone. 

LIASSIC  AMMONITE  SPECIES 

Family  phylloceratidae  Zittel  1884 
Genus  phylloceras  Suess  1865 

8.  Phylloceras  easingtonense  (Simpson) 

Plate  17,  figs.  1,  2 

Ammonites  easingtonensis  Simpson  1855,  p.  35;  1884,  p.  63. 

Types.  The  large  slab  described  by  Simpson,  containing  about  eighty  well-preserved  Harpoceras 
exaratum  (Young  and  Bird),  several  Harpoceras  sp.  nov.,  and  the  holotype  and  paratype  of  the  present 
species  is  in  the  collection  of  the  Royal  College  of  Science  and  Technology,  Glasgow.  It  is  from  the 
Jet  Rock  at  Boulby.  The  holotype  is  121  mm.  diameter  and  the  paratype  34  mm. 

The  spiral  line  on  the  side  of  the  whorl,  described  by  Simpson,  is  seen  well  on  both  types,  and  on  the 
paratype  there  are  several  other  vague  spiral  lines.  The  whorl  shape  and  characters  of  the  radial 
striae  are  seen  very  well  on  the  figures  (Plate  17,  figs.  1,  2).  On  the  paratype  about  half  a whorl  before 
the  aperture  every  seventh  stria  is  slightly  raised  and  enlarged.  Amongst  a large  collection  of  Phylloceras 
heterophyllum  (J.  Sowerby)  from  the  Yorkshire  Jet  Rock  Series  and  Alum  Shale  Series  spiral  ridges  are 
irregularly  developed  at  varying  positions  on  the  side  of  the  whorl,  and  even,  in  a few  specimens,  at 
different  positions  on  opposite  sides  of  the  same  whorl.  These  are  not  a specific  character,  and  as  the 
present  specimens  do  not  differ  otherwise  from  typical  P.  heterophyllum,  P.  easingtonense  is  to  be 
considered  a synonym  of  that  species. 

9.  Phylloceras  whitbiense  (Young  and  Bird) 

Nautilus  whitbiensis  Young  and  Bird  1822,  p.  254,  pi.  13,  fig.  1 ; 1828,  p.  270,  pi.  13,  fig.  1. 

The  holotype  figured  by  Young  and  Bird  was  16  inches  diameter,  and  it  was  lost  when  Buckman 
made  inquiries  at  Whitby  Museum  in  1922.  From  the  description  and  figure  there  can  be  no  doubt 
that  the  specimen  was  a large  example  of  Phylloceras  heterophyllum  (J.  Sowerby  1820). 

C 257 
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Genus  calliphylloceras  Spath  1927 

10.  Calliphylloceras  fabricatum  (Simpson) 

Ammonites  fabricatus  Simpson  1855,  p.  37;  1884,  p.  65. 

Holotype.  WM  469,  figured  by  Buckman  (1911,  pi.  34). 

Family  juraphyllitidae  Arkell  1950 
Genus  tragophylloceras  Hyatt  1900 

11.  Tragophylloceras  ambiguum  (Simpson) 

Ammonites  nmbiguus  Simpson  1843,  p.  8;  1855,  p.  36;  1884,  p.  64. 

Holotype.  WM  89,  figured  by  Buckman  (1910,  pi.  16);  Robin  Hood’s  Bay. 

12.  Tragophylloeeras  himtoni  (Simpson) 

Ammonites  himtoni  Simpson  1843,  p.  41;  1885,  p.  83;  1884,  p.  119. 

Type.  WM  All  was  figured  by  Buckman  (1921,  pi.  219)  as  the  holotype,  but  Simpson  said  that  his 
specimen  was  0-6  inches  diameter,  whereas  WM  477  is  0-4  inches.  This  species  is  listed  only  as  No.  477 
in  Simpson’s  Catalogue,  and  therefore  the  specimen  figured  is  either  a paratype,  or  Simpson’s  diameter 
is  wrong  and  it  is  the  holotype. 

13.  Tragophylloceras?  namtm  (Simpson) 

Ammonites  nanus  Simpson  1855,  p.  38;  1884,  p.  66. 

Holotype.  WM  472,  figured  by  Buckman  (1926,  pi.  679). 

14.  Tragophylloceras  robinsoni  (Simpson) 

Ammonites  robinsoni  Simpson  1843,  p.  42;  1855,  p.  83;  1884,  p.  120. 

Paratype.  WM  478,  figured  by  Buckman  (1921,  pi.  220),  from  Robin  Hood’s  Bay,  is  a paratype  and 
probably  not  the  holotype,  for  it  differs  in  size  from  Simpson’s  description.  In  Simpson’s  Catalogue 
WM  236  is  also  listed  as  this  species,  and  this  specimen,  now  lost,  was  probably  the  holotype. 

Family  lytoceratidae  Neumayr  1875 
Genus  lytoceras  Suess  1865 

15.  Lytoceras  cornucopia  (Young  and  Bird) 

Ammonites  cornucopia  Young  and  Bird  1822,  p.  252,  pi.  12,  fig.  16;  1828,  p.  255,  pi.  12,  fig.  16 
Holotype.  WM  82,  figured  by  Buckman  (1923,  pi.  391a);  Upper  Lias,  Bifrons  and  Variabilis  Zones. 

Genus  trachylytoceras  Buckman  1913 

16.  Trachylytoceras  balteatiim  (Phillips) 

Ammonites  balteatiis  Phillips  1829,  p.  163,  pi.  12,  fig.  17;  1835,  p.  135,  pi.  12,  fig.  17;  1875, 
p.  270,  pi.  12,  fig.  17. 

Holotype.  Phillips  (1835,  p.  183)  said  that  his  figured  specimen  was  in  Whitby  Museum.  It  is  clear  that 
the  specimen  which  Phillips  used  for  his  drawing  is  WM  2547,  the  primary  type  of  T.  nitidum  (Young 
and  Bird),  which  was  figured  by  Buckman  (1913,  pi.  86).  The  ribs  on  Phillips’s  drawing  are  diagram- 
matic, but  the  drawing  can  only  be  of  a Lytoceratid,  and  the  swollen  rounded  ribs  of  the  sort  figured 
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do  not  occur  in  that  family,  nor  in  any  other  Upper  Lias  ammonite.  The  rib  spacing  and  direction 
and  all  other  features  of  the  drawing  agree  with  WM  2547,  so  there  can  be  no  doubt  that  the  specimen 
is  the  holotype. 

Objective  synonym  of  Trachylytoceras  nitidum  (Young  and  Bird). 

17.  Trachylytoceras  fasciatum  (Simpson,  non  Quenstedt) 

Ammonites  fasciatus  Simpson  1855,  p.  41 ; 1884,  p.  70  (non  Quenstedt  1848). 

Holotype.  WM  91,  figured  by  Buckman  (1913,  pi.  87);  Jet  Rock,  Hawsker  Bottoms.  This  is  probably  a 
synonym  of  T.  nitidum  (Young  and  Bird). 

18.  Trachylytoceras  nitidum  (Young  and  Bird). 

Ammonites  nitidus  Young  and  Bird  1828,  p.  256. 

Type.  WM  2547  was  figured  as  holotype  by  Buckman  (1913,  pi.  86).  In  Simpson’s  Catalogue  both 
WM  93  and  2547  are  listed  at  this  species.  The  former  is  now  lost.  Although  it  cannot  be  determined 
whether  WM  2547  is  the  holotype,  a paratype,  or  a syntype,  it  is  the  type  specimen  from  which  the 
species  must  now  be  identified.  See  also  No.  16  above. 

Type  species  of  Trachylytoceras. 

Genus  pachylytoceras  Buckman  1905 

19.  Pachylytoceras  gubernator  (Simpson) 

Ammonites  gubernator  Simpson  1843,  p.  17;  1855,  p.  40;  1884,  p.  68. 

Holotype.  WM  69,  figured  by  Buckman  (1913,  pi.  70);  Peak,  Ravenscar. 

20.  Pachylytoceras?  peregrinwn  (Simpson) 

Ammonites  peregrinus  Simpson  1855,  p.  36;  1884,  p.  64. 

Holotype.  WM  71,  figured  by  Buckman  (1913,  pi.  88). 

Family  psiloceratidae  Hyatt  1867 
Genus  psiloceras  Hyatt  1867 

21.  Psiloceras  erugatwn  (Phillips) 

Plate  14,  figs.  2a,  b 

Ammonites  eriigatiis  VhxWips  1829,  p.  163,  pi.  13,  fig.  13;  1835,  p.  135,  pi.  13,  fig.  13;  1875,  p.  270, 
pi.  13,  fig.  13. 

Holotype.  BM  37982,  Bean  Collection,  is  accompanied  by  the  following  label  in  Bean’s  handwriting: 
‘Ammonites  erugatus  Bean — Upper  Lias.  Marked  and  figd.  by  Phillips.’  Phillips’s  specific  name  was 
a manuscript  name  of  Bean,  and  Phillips  stated  (1835,  p.  184)  that  his  figured  holotype  was  in  Bean’s 
collection;  therefore  there  can  be  no  doubt  that  BM  37982  is  the  holotype.  Its  locality  is  not  recorded. 
WM  100,  figured  as  the  holotype  by  Buckman  (1921,  pi.  223),  does  not  bear  a Bean  label  and  is  not 
the  holotype.  Dimensions  of  BM  37982:  36  mm.:  11-4, — , 15-3. 

The  holotype  has  an  oval  whorl  section  with  no  trace  of  a keel,  and  the  shell  is  smooth  except  for 
some  low  irregular  ribs  on  the  innermost  whorls  up  to  7 mm.  diameter.  The  striae  shown  on  Phillips’s 
figure  cannot  be  seen  on  any  part  of  the  specimen.  It  has  two-thirds  of  a whorl  of  body  chamber,  but 
the  mouth  border  is  not  preserved  and  it  does  not  show  any  adult  characters. 

Genus  caloceras  Hyatt  1870 

22.  Caloceras  belcheri  (Simpson) 
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A?nmonites  belcheri  Simpson  1843,  p.  12;  1855,  p.  43;  1884,  p.  72. 

Holotype.  WM  101,  figured  by  Buckman  (1910,  pi.  17);  Robin  Hood’s  Bay. 

23.  Caloceras  convolution  (Simpson,  non  Schlotheim) 

Ammonites  convolutus  Simpson  1855,  p.  43;  1884,  p.  73  {non  Schlotheim  1820). 

Holotype.  WM  491,  figured  by  Buckman  (1910,  pi.  18);  Robin  Hood's  Bay. 

Family  schlotheimiidae  Spath  1923 
Genus  saxoceras  Lange  1924 

24.  Saxoceras  aequale  (Simpson) 

Plate  14,  figs.  3a,  b 

Ammonites  aequalis  Simpson  1855,  p.  49;  1884,  p.  80. 

Schlotheimia  aequalis  (Simpson),  Spath  1924o,  pp.  196-7. 

Saxoceras  aequale  (Simpson),  Spath  1925,  p.  204,  fig.  4. 

Holotype.  BM  18109,  bearing  a label  in  Simpson’s  writing  ‘A.  aequalis  Lias.  Yorks.  1 10’.  In  Simpson’s 
Catalogue  this  species  is  registered  under  the  number  1 10,  and  the  specimen  agrees  in  all  respects  with 
Simpson’s  description.  Dimensions:  42  mm.:  13-4,  110,  18-9. 

A rough  drawing  of  the  holotype  was  given  by  Spath  (1925,  p.  204,  fig.  4),  and  a further  figure  is 
now  given.  The  locality  may  be  Redcar,  for  the  Angulata  Zone  is  not  exposed  above  sea-level  at 
Robin  Hood’s  Bay. 


Genus  schlotheimia  Bayle  1878 

25.  Schlotheimia  redcarensis  (Young  and  Bird) 

Ammonites  redcarensis  Young  and  Bird  1822,  p.  248,  pi.  14,  fig.  13;  1828,  p.  258,  pi.  14,  fig.  10. 

Type.  The  holotype  is  lost.  WM  314,  from  Robin  Hood’s  Bay,  figured  as  ‘holotype?’  by  Buckman 
(1925,  pi.  608),  is  here  designated  neotype. 

Descriptions  and  remarks  relating  to  the  identification  of  this  species  can  be  found  in  Young  and 
Bird  (1822,  pp.  248,  327;  1828,  p.  258)  and  Simpson  (1843,  p.  55;  1855,  pp.  100-1).  Young  and  Bird 
established  that  their  figured  holotype  was  smaller  than,  and  different  from,  Arietites  bucklandi 
(J.  Sowerby),  which  they  also  found  at  the  same  localities  { Robin  Hood’s  Bay  and  Redcar),  and  much  of 
their  description  in  1828  is  suggestive  of  a Schlotheimia.  Simpson  examined  Young  and  Bird’s  original 
specimens  and  pointed  out  that  their  figure  was  ‘entirely  erroneous’,  that  the  species  usually  has  a flat 
smooth  band  or  sulcus  on  the  venter,  and  that  the  feature  described  by  Young  and  Bird  (1828,  p.  258) 
as  an  ‘imperfect  keel,  where  the  ribs,  which  are  bent  forward,  regularly  meet  in  pairs,  at  a sharp  angle, 
in  the  form  of  arrowheads’,  was  present  in  a few  of  the  specimens.  This  imperfect  keel  is  mainly  a 


EXPLANATION  OF  PLATE  14 
Fig.  1.  See  Plate  13,  figs.  3a,  b.  xO-35. 

Figs.  2a,  b.  Psiloceras  erugatum  (Phillips).  Holotype,  BM  37982.  Lower  Lias;  Yorkshire  coast. 

Figs.  3a,  b.  Saxoceras  aequale  (Simpson).  Holotype,  BM  18109.  Lower  Lias;  Yorkshire  coast 
(?  Redcar). 

Figs.  4a,  b,  5a,  b.  Coroniceras  validanfractum  (Simpson).  4a,  b,  Holotype,  WM  282.  5a,  b,  Paratype, 
WM  530.  Both  from  Lower  Lias;  Robin  Hood’s  Bay. 

Figs.  6a,  b.  Vermiceras  multanfractum  (Simpson).  Neotype,  WM  28 1 . Lower  Lias ; Robin  Hood’s  Bay. 
Figs,  la,  b.  Gagaticeras  gagateum  (Young  and  Bird).  WM  744,  Paratype  of  Vermiceras  multanfractum 
(Simpson).  Lower  Lias;  Robin  Hood’s  Bay. 

All  figures  natural  size,  except  fig.  1. 
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preservational  feature,  and  is  associated  with  slight  crushing  or  distortion.  The  neotype  is  not  pre- 
served in  this  way,  for  it  has  a normal  ventral  sulcus,  but  otherwise  it  agrees  well  with  Young  and 
Bird’s  descriptions. 


26.  Schlotheimia  sulcata  (Simpson,  non  Lamarck) 

Ammonites  sulcata  Simpson  1843,  p.  55;  1855,  p.  101 ; 1884,  p.  142  (non  Lamarck  1822,  &c.). 
Holotype.  WM  743,  figured  by  Buckman  (1911,  pi.  38);  Robin  Hood’s  Bay. 

Genus  boucaulticeras  Spath  1924 

27.  Boucaulticeras?  antiquatum  (Simpson) 

Ammonites  antiquatiis  Simpson  1855,  p.  36;  1884,  p.  64. 

Holotype.  WM  79  and  80  (fragments  of  the  same  specimen),  figured  by  Buckman  (1927,  pis.  718a,  b). 

Family  arietitidae  Flyatt  1874 
Genus  arietites  Waagen  1869 

28.  Arietites  radiatus  (Simpson,  non  Bruguiere) 

Ammonites  radiatus  Simpson  1843,  p.  47;  1855,  p.  88;  1884,  p.  126  (non  Bruguiere  1789). 
Holotype.  WM  304,  figured  by  Buckman  (1911,  pi.  35);  Robin  Hood’s  Bay. 

Genus  coroniceras  Hyatt  1867 

29.  Coroniceras  validanfraetum  (Simpson) 

Plate  14,  figs.  4a,  b,  5a,  b 

Ammonites  validanfractus  Simpson  1855,  p.  95;  1884,  p.  135. 

Types.  WM  282  is  the  holotype  of  the  1855  description,  and  WM  530  is  the  paratype  which  was 
described  as  a variety  with  tubercles  at  the  ventro-lateral  edge.  In  the  1884  description  WM  530  was 
made  the  normal  type.  Both  are  from  Robin  Hood’s  Bay.  Dimensions : WM  282 — maximum  diameter 
68  mm.;  at  55  mm.:  13-8,  13-9,  30-7;  WM  530 — 65-5  mm.:  17-6,  17-5,  35T. 

The  holotype  and  paratype  differ  slightly  on  the  venter,  but  the  differences  are  not  specific.  Both  are 
evolute  with  quadrate  whorl  sections  and  strong,  straight  ribs.  There  are  twenty-three  ribs  at  65  mm. 
diameter  in  WM  282,  and  twenty-two  at  61  mm.  in  WM  530.  In  WM  282,  the  holotype,  the  ventro- 
lateral tubercles  are  small,  and  on  the  venter  there  are  shallow  sulci  flanking  the  central  keel,  then  two 
low  outer  keels.  In  WM  530,  the  paratype,  the  ventro-lateral  tubercles  are  more  prominent,  the  sulci 
on  the  venter  are  barely  developed  and  there  are  only  mere  traces  of  the  two  outer  keels.  The  species 
seems  to  be  transitional  to  Megarietites. 

Genus  vermiceras  Hyatt  1 889 

30.  Vermiceras  nmltanfractum  (Simpson) 

Plate  14,  figs.  6a,  b 

Ammonites  multanfractus  Simpson  1855,  p.  95;  1884,  p.  134. 

Type.  The  2Finch  diameter  holotype  described  by  Simpson  appears  to  be  lost,  but  the  two  paratypes 
figured  here  are  WM  281  and  744,  both  from  Robin  Hood’s  Bay.  WM  281  is  here  designated  neotype; 
it  consists  of  parts  of  five  whorls  with  a maximum  size  of  about  40  mm.  diameter.  The  venter  has  a 
central  keel  flanked  by  very  shallow  sulci  and  traces  of  two  outer  keels.  The  ribs  are  widely  spaced 
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and  blunt  and  the  whorls  are  very  evolute.  WM  744  is  only  15  mm.  diameter,  and  it  is  the  inner  whorls 
of  a specimen  of  Gagaticeras  gagateum  (Young  and  Bird)  (see  Plate  14,  figs,  la,  b). 


Genus  agassiceras  Hyatt  1875 

31.  Agassiceras  illatum  (Simpson  1855,  non  1843) 

Plate  15,  figs,  la,  b 

Ammonites  Hiatus  Simpson  1855,  p.  39;  1884,  p.  67  (non  1843,  p.  10). 

Type.  WM  84,  the  specimen  figured  here,  is  the  holotype  of  the  1855  description;  Robin  Hood’s  Bay. 
The  original  of  the  1843  description  is  different  and  belonged  to  a different  species,  but  it  is  now  lost 
and  the  species  cannot  be  identified  from  the  description  alone.  Dimensions  of  WM  84:  42  mm.: 
16-6,  c.  12-5,  15-8  (the  specimen  is  worn). 

The  holotype  is  considerably  water  worn,  especially  on  the  venter.  The  ribs  are  strong,  straight  and 
without  tubercles,  and  they  appear  to  die  out  on  the  venter.  This  belongs  to  one  of  the  more  evolute 
species  of  Agassiceras,  but  it  does  not  show  the  characteristic  fiat  venter  of  Euagassiceras. 

32.  Agassiceras  personatum  (Simpson) 

Ammonites  personatus  Simpson  1843,  p.  9;  1855,  p.  38;  1884,  p.  65. 

Types.  The  holotype  and  paratype  are  WM  2125  and  67  respectively  and  were  figured  by  Buckman 
(1920,  pi.  187,  figs.  1-4). 


Genus  euagassiceras  Spath  1924 

33.  Euagassiceras  resupinatum  (Simpson) 
Ammonites  resupinatiis  Simpson  1843,  p.  15;  1855,  p.  43;  1884,  p.  73. 
Holotype.  WM  96,  figured  by  Buckman  (1909,  pi.  6);  Robin  Hood’s  Bay. 

34.  Euagassiceras  transformatum  (Simpson) 
Ammonites  transformatus  Simpson  1855,  p.  91;  1884,  p.  130. 
Holotype.  WM  279,  figured  by  Buckman  (1913,  pi.  75). 


EXPLANATION  OF  PLATE  15 

Figs,  la,  b.  Agassiceras  illatum  (Simpson).  Holotype,  WM  84.  Lower  Lias;  Robin  Hood’s  Bay. 
Figs.  2a,  b.  Arnioceras  vetustum  (Simpson).  Holotype,  GSM  26404,  Clarkson  Collection.  Lower 
Lias;  Robin  Hood’s  Bay. 

Figs.  3a,  b.  Gleviceras  lens  (Simpson).  Holotype,  GSM  26405,  Clarkson  Collection.  Lower  Lias; 
Robin  Hood’s  Bay. 

Figs.  4fi,  b.  Metoxynoticeras  complanosum  (Simpson).  Holotype,  WM  239.  Lower  Lias;  probably 
Robin  Hood’s  Bay.  Photographs  by  J.  W.  Tutcher. 

Figs.  5a,  b.  Apoderoceras  marsliallani  (Simpson).  Holotype,  WM  468.  Lower  Lias;  Robin  Hood’s 
Bay. 

Fig.  6.  Hyperderoceras  mamillatum  (Simpson).  Neotype,  WM  2102.  Lower  Lias;  Robin  Hood’s  Bay. 
Figs,  la,  b,  8u,  b.  Polymorphites  rutilans  (Simpson),  la,  b.  Neotype,  WM  95.  %a,  b,  WM  94.  Both  from 
Lower  Lias;  Robin  Hood’s  Bay. 

Figs.  9a,  b.  Eoderoceras  diversion  (Simpson).  Neotype,  SM  J34799.  Lower  Lias;  Robin  Hood’s  Bay. 

All  figures  natural  size. 


Palaeontology , Vol.  5 


PLATE  15 


HOWARTH,  Yorkshire  ammonites 


‘^i ?j  '■  . <i » V; ‘■'iff  " 'sr^  • \ 

- .:»  ; ■ ■ f! 


■'#  ■■ 


■i''. 


t 


‘i?  1 


■■*■ 


T (•■ 


K*«r-.- 

a 


; 


w 


r.‘.3 


■ 


•,v 


i I 


is  ( 

* * " 
Si  -;. 


> 


»U,v 


.,1T  fS»!  1 .liV 


a "J 

It 


-.la* 


M.  K.  HOWARTH:  YORKSHIRE  TYPE  AMMONITES 


103 


Genus  defossiceras  Buckman  1913 

35.  Defossiceras  defossum  (Simpson) 

Ammonites  defossus  Simpson  1843,  p.  15;  1855,  p.  48;  1884,  p.  78. 

Holotype.  WM  103,  figured  by  Buckman  (1913,  pi.  76). 

Type  species  of  Defossiceras. 


Genus  arnioceras  Hyatt  1867 

36.  Arnioceras  acuticarinatum  (Simpson) 

Ammonites  yoiingi  Simpson  1843,  p.  46  (non  Young  and  Bird  1828). 

Ammonites  acnticorinatiis  Simpson  1855,  p.  94;  1884,  p.  133. 

Holotype.  WM  295,  figured  by  Buckman  (191 1,  pi.  40)  and  by  Jaworski  (1931,  p.  126,  pi.  5,  figs.  2a,  b); 
Robin  Hood’s  Bay.  The  1855  specific  name  is  a direct  substitution  for  the  preoccupied  1843  name. 

37.  Arnioceras  semicostatiim  (Young  and  Bird) 

Ammonites  semicostatiis  Young  and  Bird  1828,  p.  257,  pi.  12,  fig.  10. 

Holotype.  WM  924,  figured  by  Buckman  (1918,  pi.  112)  and  by  Jaworski  (1931,  p.  114,  fig.  4,  pi.  5, 
figs.  In,  b). 

38.  Arnioceras  vetustiim  (Simpson) 

Plate  15,  figs.  2a,  b 

Ammonites  vetustiis  Simpson  1855,  p.  88;  1884,  p.  125. 

Holotype.  GSM  26404,  Clarkson  Collection;  Robin  Hood’s  Bay.  Dimensions:  maximum  diameter 
30-2  mm.;  at  27-8  mm.:  90,  c.  7-0,  11-8. 

The  holotype  is  an  immature  specimen  with  two-thirds  of  a whorl  of  body  chamber.  The  whorls  are 
smooth  up  to  16  mm.  diameter  and  then  low  ribs  are  developed  on  the  outer  whorl.  These  end  in  a 
very  small  tubercle  at  the  ventro-lateral  edge  and  continue  only  as  faint  striae  on  the  venter.  The  venter 
is  obtusely  angled  and  there  are  no  sulci  at  the  sides  of  the  slightly  differentiated  keel. 

39.  Arnioceras  youngi  (Simpson,  non  Young  and  Bird) 

See  Arnioceras  acuticarinatum,  no.  36  above. 

Genus  eparietites  Spath  1924 

40.  Eparietites  denotatus  (Simpson) 

Ammonites  denotatus  Simpson  1855,  p.  76;  1884,  p.  111. 

Holotype.  SM  J3273,  Leckenby  Collection,  figured  by  Wright  (1881,  pi.  22b,  figs.  1-3)  and  by  Buckman 
(1912,  pis.  67a,  b):  Robin  Hood’s  Bay. 

41.  Eparietites  impendens  (Young  and  Bird) 

Ammonites  impendens  Young  and  Bird  1828,  p.  266. 

Holotype.  WM  292,  figured  by  Buckman  (1919,  pi.  120). 
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42.  Eparietites  tenellus  (Simpson) 

Ammonites  tenellus  Simpson  1855,  p.  97;  1884,  p.  137. 

Holotype.  WM  293,  figured  by  Buckman  (1912,  pi.  54);  Robin  Hood's  Bay. 
Type  species  of  Eparietites. 


Genus  cymbites  Neumayr  1878 

43.  Cymbites?  arctiis  (Simpson) 

Ammonites  arctus  Simpson  1843,  p.  10;  1855,  p.  38;  1884,  p.  66. 

Holotype.  WM  471,  figured  by  Buckman  (191 1,  pi.  36)  as  Oxynoticeras;  Robin  Hood’s  Bay. 

44.  Cymbites?  dennyi  (Simpson) 

Ammonites  dennyi  Simpson  1843,  p.  9;  1855,  p.  38;  1884,  p.  66. 

Type.  WM  470  is  the  holotype  or  lectotype,  and  was  figured  by  Buckman  (1909,  pi.  7,  figs.  1,  1a)  as 
Oxynoticeras;  Robin  Hood's  Bay.  Two  paratypes  or  syntypes  also  figured  by  Buckman  (1909,  pi.  7, 
figs.  2,  3)  may  not  belong  to  this  species. 

Family  oxynoticeratidae  Hyatt  1867 

Genus  oxynoticeras  Hyatt  1867 

45.  Oxynoticeras?  aliaenwn  (Simpson) 

Ammonites  aliaemis  Simpson  1855,  p.  85;  1884,  p.  122. 

The  holotype  and  three  paratypes  were  in  the  collection  of  Mr.  E.  Charlesworth  and  are  now  lost. 
Tate  and  Blake  (1876,  p.  31 1)  said  the  species  was  an  Arietites,  and  Buckman  (1915,  p.  99)  referred  it  to 
Oxynoticeras,  but  in  the  absence  of  the  type  specimens  it  cannot  be  properly  determined. 

46.  Oxynoticeras  bucki  (Simpson) 

Ammonites  buckii  Simpson  1843,  p.  42;  1855,  p.  84;  1884,  p.  121. 

Holotype.  WM  479a,  figured  by  Buckman  (1920,  pi.  165a);  Robin  Hood’s  Bay. 

47.  Oxynoticeras?  dejectum  (Simpson) 

Ammonites  dejectiis  Simpson  1855,  p.  85;  1884,  p.  122. 

The  holotype  was  in  the  collection  of  Mr.  E.  Charlesworth  and  is  now  lost.  Tate  and  Blake  (1876, 
p.  291)  regarded  the  species  as  an  Oxynoticeras,  but  in  the  absence  of  the  holotype  it  cannot  now  be 
identified. 

48.  Oxynoticeras  flavitm  (Simpson) 

Ammonites  flavus  Simpson  1843,  p.  43;  1855,  p.  86;  1884,  p.  123. 

Holotype.  WM  481,  figured  by  Buckman  (1912,  pi.  55);  Robin  Hood’s  Bay. 

49.  Oxynoticeras?  limatum  (Simpson) 

Ammonites  limatiis  Simpson  1843,  p.  41;  1855,  p.  86;  1884,  p.  123. 

Holotype.  WM  480,  figured  by  Buckman  (1912,  pi.  56,  figs.  1,  la);  Robin  Hood’s  Bay. 
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50.  Oxynoticeras  polyopliyllum  (Simpson) 

Ammonites  polyophyllus  Simpson  1843,  p.  39. 

Ammonites  polypinilus  Simpson  1855,  p.  81 ; 1884,  p.  117. 

Holotype.  WM  739,  figured  by  Buckman  (1909,  pi.  8);  Robin  Hood’s  Bay. 

51.  Oxynoticeras  simpsoni  (Simpson) 

Ammonites  simpsoni  Simpson  1843,  p.  37;  1855,  p.  79;  1884,  p.  115. 

Holotype.  WM  813,  figured  by  Buckman  (1912,  pis.  66a,  b)  as  Aetomoceras;  Robin  Hood’s  Bay. 

Genus  gleviceras  Buckman  1918 

52.  Gleviceras  lens  (Simpson) 

Plate  15,  figs.  3a,  b 

Ammonites  lens  Simpson  1855,  p.  80;  1884,  p.  116. 

Holotype.  GSM  26405,  Clarkson  Collection;  Robin  Hood’s  Bay.  Dimensions;  27-3  mm.:  12-8,  5-3,  6-6. 

The  holotype  is  wholly  septate.  It  has  involute  compressed  whorls  and  a sharp  keel  which  is  crenu- 
lated  in  some  places  where  crossed  by  the  nearly  obsolete  ribbing.  The  ribs  are  well  marked  up  to  about 
17  mm.  diameter,  after  which  they  fade  to  low  occasional  undulations;  they  are  straight  on  the  side  of 
the  whorl  and  curve  forwards  on  the  venter  and  die  out,  but  they  reach  the  keel  to  form  crenulations 
in  a few  places.  The  suture-lines  are  characteristic  of  the  family  Oxynoticeratidae. 

Genus  metoxynoticeras  Spath  1922 

53.  Metoxynoticeras  coniplanosuni  (Simpson) 

Plate  15,  figs.  4a,  b 

Ammonites  complanatns  Simpson  1843,  p.  38  (non  Bruguiere  1789). 

Ammonites  complanosns  Simpson  1855,  pp.  79,  80  (named  on  p.  80);  1884,  pp.  115-16. 

Holotype.  WM  239,  now  lost,  and  figured  here  for  the  first  time.  In  Simpson’s  Catalogue  specimen 
no.  239  is  registered  as  this  species.  The  photograph  now  reproduced  (Plate  15,  figs.  4a,  b)  is  a J.  W. 
Tutcher  photograph  found  in  the  card  index  left  to  the  British  Museum  (Natural  History)  by  Dr.  L.  F. 
Spath.  It  was  evidently  obtained  by  Spath  from  some  of  Buckman’s  papers  also  left  at  the  British 
Museum.  Spath  had  written  ‘Type  in  Whitby  Museum  no.  239’  across  part  of  the  photograph,  and  he 
could  only  have  obtained  this  register  number  from  original  information  with  the  photograph.  Un- 
fortunately the  specimen  cannot  now  be  found  at  Whitby  or  London,  and  it  must  be  presumed  lost. 
The  specimen  agrees  exactly  with  Simpson’s  description,  including  the  size,  and  it  is  undoubtedly  the 
holotype.  The  approximate  dimensions  taken  from  the  figure  are;  91-6  mm.:  55-5,  — , c.  2-5. 

Genus  retenticeras  Buckman  1920 

54.  Retenticeras  retention  (Simpson) 

Ammonites  retentus  Simpson  1855,  p.  84;  1884,  p.  120. 

Holotype.  GSM  26401,  figured  by  Buckman  (1920,  pi.  166):  Robin  Hood’s  Bay. 

Type  species  of  Retenticeras. 


Family  echioceratidae  Buckman  1913 
Genus  gagaticeras  Buckman  1913 
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55.  Gagaticeras  gagatewn  (Young  and  Bird) 

Ammonites  gagateiis  Young  and  Bird  1828,  p.  255,  pi.  12,  fig.  7. 

Holotype.  WM  104,  figured  by  Buckman  (1913,  pi.  78). 

Type  species  of  Gagaticeras. 

56.  Gagaticeras  neglectum  (Simpson) 

Ammonites  neglectus  Simpson  1855,  p.  45;  1884,  p.  76. 

Holotype.  WM  98,  figured  by  Buckman  (1914,  pi.  101);  Robin  Hood's  Bay. 

Genus  echioceras  Bayle  1878 

57.  Echioceras  aitreohan  (Simpson) 

Ammonites  aureolas  Simpson  1855,  p.  94;  1884,  p.  134. 

Holotype.  GSM  26402,  figured  by  Buckman  (1914,  pi.  96);  Robin  Hood’s  Bay.  A second  specimen 
(WM  872)  figured  by  Buckman  (191 1,  pi.  28)  and  said  to  be  the  paratype(  1914,  p.  966)  was  later  referred 
to  the  species  E.  regustatiim  Buckman  (1914,  p.  96c). 

58.  Echioeeras  cereiim  (Simpson) 

Ammonites  cereus  Simpson  1855,  p.  47;  1884,  p.  77. 

Holotype.  WM  461,  figured  by  Buckman  (1912,  pi.  49);  Robin  Hood’s  Bay. 

59.  Echioceras  e.xortiim  (Simpson) 

Ammonites  exortus  Simpson  1855,  p.  44;  1884,  p.  73. 

Type.  Simpson  said  that  the  specimen  he  described  was  in  Mr.  Clarkson’s  Collection.  It  is  not  in  the 
Clarkson  Collection  at  the  Geological  Survey  Museum,  and  it  is  therefore  lost.  Two  specimens  from 
Robin  Hood’s  Bay  (both  WM  645)  were  figured  by  Buckman  (1910,  pi.  19,  figs.  1-3)  as  holotype  and 
paratype,  but  it  is  clear  that  these  are  not  the  primary  types,  and  the  smaller,  better-preserved  one 
(ibid.,  figs.  2,  3)  is  here  designated  neotype. 

Family  eoderoceratidae  Spath  1929 

Genus  xipheroceras  Buckman  1911 

60.  Xipheroeeras  scoresbyi  (Simpson) 

Ammonites  scoresbyi  Simpson  1843,  p.  12;  1855,  p.  69;  1884,  p.  103. 

Holotype.  WM  173,  figured  by  Buckman  (1911,  pis.  39a,  b);  Robin  Hood’s  Bay. 

Genus  bifericeras  Buckman  1913 

61.  Biferieeras  integrieostatum  (Simpson) 

Ammonites  integricostatus  Simpson  1855,  p.  46;  1884,  p.  76. 

Holotype.  WM  92,  figured  by  Buckman  (1912,  pi.  47)  as  Anclrogynoceras]  Robin  Hood’s  Bay. 

62.  Bifericeras  vitreum  (Simpson) 

Ammonites  vitreus  Simpson  1855,  p.  46;  1884,  p.  76. 

Holotype.  WM  462,  figured  by  Buckman  (1924,  pi.  529);  Robin  Hood’s  Bay. 
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Genus  promicroceras  Spath  1925 

63.  Promicroceras  aureum  (Young  and  Bird) 

Ammonites  aureus  Young  and  Bird  1822,  p.  248,  pi.  13,  fig.  6. 

The  figured  holotype  is  lost.  As  was  recognized  by  Young  and  Bird  in  1828  (pp.  259,  359)  this  species 
is  a synonym  of  Promicroceras  planicosta  (J.  Sowerby,  1814). 

64.  Promicroceras?  siplnmculare  (Simpson) 

Ammonites  sipliuncularis  Simpson  1843,  p.  46;  1855,  p.  88;  1884,  p.  126. 

Holotype.  WM  485,  figured  by  Buckman  (1912,  pi.  48)  as  Androgynoceras;  Robin  Hood’s  Bay. 


Genus  eoderoceras  Spath  1925 

65.  Eoderoceras  angiiiforme  (Simpson) 

Ammonites  anguiformis  Simpson  1843,  p.  17;  1855,  p.  41 ; 1884,  p.  70. 

Holotype.  WM  86,  figured  by  Buckman  (1912,  pi.  64). 

66.  Eoderoceras?  armiger  (Simpson,  non  Sowerby) 

Ammonites  armiger  Simpson  1855,  p.  66;  1884,  p.  100  (non  J.  de  C.  Sowerby  1840). 

Tate  and  Blake  (1876,  p.  277)  and  Buckman  (1915,  p.  95)  said  that  the  species  was  probably  an 
Eoderoceras,  but  the  holotype  is  lost  and  it  cannot  now  be  interpreted. 

67.  Eoderoceras?  diver  sum  (Simpson) 

Plate  15,  figs.  9a,  h 

Ammonites  diversus  Simpson  1843,  p.  13;  1855,  p.  45;  1884,  p.  75. 

Type.  The  neotype,  here  designated  and  figured,  is  SM  J34799,  figured  previously  by  Tate  and  Blake 
(1876,  p.  282,  pi.  8,  fig.  3);  its  maximum  diameter  is  58-5  mm.  It  is  improbable  that  this  specimen  is  the 
holotype,  for  Simpson  said  that  his  specimen  consisted  of  ‘only  a portion  of  the  two  outer  whorls’  and 
was  22  inches  in  diameter.  The  neotype  is  2(  inches  diameter,  has  the  two  outer  whorls  complete, 
and  has  very  badly  preserved  inner  whorls.  In  Simpson’s  Catalogue  the  type  is  registered  as  no.  97 
and  marked  in  Simpson’s  writing  ‘not  to  be  found’. 

The  neotype  is  serpenticone,  with  slender  whorls  and  distant  ribs.  There  are  eighteen  ribs  on  the 
outer  whorl  at  57  mm.  diameter,  and  only  14  on  the  next  inner  whorl  at  38  mm.  Each  rib  bears  a small, 
sharp  umbilical  tubercle  and  a large  ventro-lateral  spine.  The  spines  are  connected  across  the  flat 
venter  by  ribs.  The  specimen  has  five-sixths  of  a whorl  of  body  chamber,  but  it  does  not  appear  to  be 
adult. 


68.  Eoderoceras  miles  (Simpson) 

Ammonites  miles  Simpson  1855,  p.  65;  1884,  p.  97. 

Holotype.  WM  162,  figured  by  Buckman  (1911,  pi.  44);  Robin  Hood’s  Bay. 

69.  Eoderoceras  owenense  (Simpson) 
Ammonites  owenensis  Simpson  1843,  p.  25;  1855,  p.  64;  1884,  p.  96. 
Holotype.  WM  476,  figured  by  Buckman  (1912,  pi.  65);  Robin  Hood’s  Bay. 
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Genus  hyperderoceras  Spath  1926 

70.  Hyperderoceras  mamillatum  (Simpson) 

Plate  15,  fig.  6 

Ammonites  mamillatus  Simpson  1843,  p.  28. 

Ammonites  mammillatus  Simpson  1855,  p.  67;  1884,  p.  101  (non  Schlotheim,  1813). 

Type.  The  holotype  was  WM  183,  but  it  is  now  lost.  The  specimen  figured  here  is  WM  2102,  a second 
example  which  was  identified  with  this  species  by  Simpson,  and  it  is  now  designated  neotype. 

This  is  a species  of  Hyperderoceras  with  distant,  large  mid-lateral  spines  on  flared  ribs.  On  the  neo- 
type there  are  five  such  spines  on  the  last  whorl  at  42  mm.  diameter. 

71.  Hyperderoceras  nativum  (Simpson) 

Ammonites  nativiis  Simpson  1855,  p.  68;  1884,  p.  101. 

Holotype.  WM  931,  figured  by  Buckman  (1913,  pi.  84);  Robin  Hood’s  Bay. 

Genus  phricodoceras  Hyatt  1900 

72.  Phricodoceras  cornutum  (Simpson) 

Ammonites  cormitiis  Simpson  1843,  p.  31 ; 1855,  p.  71 ; 1884,  p.  105. 

Holotype.  WM  185,  figured  by  Buckman  (1911,  pi.  32);  Robin  Hood’s  Bay. 

73.  Phricodoceras  quadricornutum  (Simpson) 

Ammonites  quadricorniitus  Simpson  1855,  p.  71;  1884,  p.  106. 

Holotype.  WM  495,  figured  by  Buckman  (1911,  pi.  33);  Robin  Hood’s  Bay. 

Genus  coeloderoceras  Spath  1923 

74.  Coeloderoceras  retusum  (Simpson) 

Ammonites  retusus  Simpson  1855,  p.  62;  1884,  p.  94. 

Holotype.  WM  184,  figured  by  Buckman  (1913,  pi.  82);  Robin  Hood’s  Bay. 

75.  Coeloderoceras?  sociale  (Simpson) 

Ammonites  socialis  Simpson  1855,  p.  39;  1884,  p.  67. 

Holotype.  WM  68,  figured  by  Buckman  (1914,  pi.  95);  Robin  Hood’s  Bay. 

76.  Coeloderoceras  validum  (Simpson) 

Ammonites  validns  Simpson  1855,  p.  62;  1884,  p.  95. 

Holotype.  SM  J3275,  figured  by  Tate  and  Blake  (1876,  p.  278,  pi.  7,  fig.  3)  and  Buckman  (1913,  pi.  83); 
Robin  Hood’s  Bay. 

Genus  apoderoceras  Buckman  1921 

77.  Apoderoceras  aculealum  (Simpson) 

Ammonites  acideatus  Simpson  1843,  p.  27;  1855,  p.  66;  1884,  p.  99. 

Type.  The  holotype  is  lost.  The  paratype  is  WM  177  and  was  figured  by  Buckman  (1913,  pis.  72a-c); 
Robin  Hood’s  Bay. 
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78.  Apoderoceras  decussatwn  (Simpson) 

Plate  16,  figs,  la,  b 

Ammouites  deciissatus  Simpson  1843,  p.  25;  1855,  p.  63;  1884,  p.  95. 

Aegoceras  leckenhyi  Wright  1882,  p.  344,  pi.  30,  figs.  1-7. 

Holotype.  SM  J 18225,  Leckenby  Collection,  ex  Bean  Collection;  Robin  Hood’s  Bay.  The  specimen 
bears  a faded  label  in  Bean’s  writing  ‘A.  decussatus  Bean  L.  Lias’.  Simpson  stated  that  the  ammonite 
he  was  describing  was  in  Bean’s  Collection,  and  this  specimen  matches  his  description  exactly  including 
the  details  of  preservation  and  size.  Dimensions  84-6  mm.:  29-6,  30-3,  37  0. 

The  specimen  is  wholly  septate  and  largely  preserved  as  a pyritic  cast  with  the  shell  remaining  in 
only  a few  places.  The  ribbing  is  strong  with  prominent  ventro-lateral  tubercles  up  to  35  mm.  diameter; 
at  larger  sizes  the  ribs  are  much  reduced,  but  they  remain  well  marked  on  the  venter,  and  the  tubercles 
become  infrequent  and  reduced.  On  the  small  portions  of  the  shell  preserved  on  the  venter  of  the  outer 
whorl  fine  longitudinal  and  radial  striae  cross  the  main  ribbing  giving  the  shell  a ‘decussated’  appearance. 

The  present  holotype  and  SM  J 18224  were  made  syntypes  of  Aegoceras  leckenby i Wright  (1882, 
p.  344,  pi.  30,  figs.  1-7),  and  both  were  figured  by  Wright.  SM  J 18224  is  now  the  only  remaining  syn- 
type  of  A.  leckenbyi  and  it  is  therefore  designated  lectotype.  Both  species,  A.  leckenbyi  and  A.  decussa- 
tinn,  are  regarded  as  synonyms  of  A.  acideatiim  (Simpson)  (Donovan  1954,  p.  35). 

79.  Apoderoceras  hamiltoni  (Simpson) 

Ammonites  hamiltoni  Simpson  1843,  p.  27;  1855,  p.  67;  1884,  p.  100. 

Holotype.  WM  165,  figured  by  Buckman  (1924,  pis.  530a,  b);  Robin  Hood’s  Bay. 

80.  Apoderoceras  hastatum  (Young  and  Bird) 

Ammonites  hastatns  Young  and  Bird,  1828,  pp.  261-2,  pi.  14,  fig.  3. 

Type.  WM  661,  figured  by  Buckman  (1914,  pis.  102a,  b),  is  probably  the  holotype;  Robin  Hood’s  Bay. 

81.  Apoderoceras  marshaflani  (Simpson) 

Plate  15,  figs.  5a,  b 

Ammonites  marshallani  Simpson  1843,  p.  24;  1855,  p.  62;  1884,  p.  94. 

Holotype.  WM  468,  from  Robin  Hood’s  Bay,  figured  here.  The  paratypes  of  the  1843  description  in 
the  collection  of  Mr.  G.  Buck  have  not  been  found;  the  smaller  of  them  formed  the  basis  of  the  1855 
and  1884  descriptions. 

The  holotype  consists  of  small  evolute  inner  whorls,  16-6  mm.  diameter,  bearing  ribs  with  ventro- 
lateral tubercles.  The  species  is  a synonym  of  Apoderoceras  acideatnm  (Simpson  1843). 

82.  Apoderoceras  mittaliim  (Simpson) 

Ammonites  nnitatus  Simpson  1855,  p.  63;  1884,  p.  96. 

Holotype.  GSM  26406,  figured  by  Buckman  (1914,  pi.  105). 

83.  Apoderoceras  sinuatum  (Simpson) 

Ammonites  siniiatus  Simpson  1855,  p.  62;  1884,  p.  94. 

Holotype.  WM  160,  figured  by  Buckman  (1914,  pi.  94);  Robin  Hood’s  Bay. 

84.  Apoderoceras  spicatum  (Simpson) 

Ammonites  spicatiis  Simpson  1843,  p.  28;  1855,  p.  65;  1884,  p.  98. 

Holotype.  WM  920,  figured  by  Buckman  (1914,  pi.  103). 
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85.  Apoderoceras  subthangidare  (Young  and  Bird) 

Ammouites  siibtriangularis  Young  and  Bird  1822,  p.  250,  pi.  12,  fig.  4. 

Holotype.  WM  927,  figured  by  Buckman  (1913,  pis.  71a,  b). 

Family  polymorphitidae  Haug  1887 
Genus  polymorphites  Haug  1887 

86.  Polymorphites  rutilans  (Simpson) 

Plate  15,  figs,  la,  b,  8a,  b 

Ammonites  rutilans  Simpson  1843,  p.  45;  1855,  p.  42;  1884,  p.  72. 

Types.  The  Finch  diameter  holotype  in  the  Bean  Collection  described  by  Simpson  in  1843  is  lost.  The 
two  specimens  now  figured,  WM  94  and  95,  are  identified  in  Simpson’s  Catalogue  with  this  species 
and  they  were  the  originals  of  his  1855  description.  WM  95  is  here  designated  neotype,  and  it  was 
probably  from  this  specimen  that  Simpson  (1855,  p.  43)  obtained  his  diameter  of  If  inches.  Both 
specimens  are  from  Robin  Hood’s  Bay. 

The  neotype  and  WM  94  are  pyritic  casts  and  both  are  somewhat  split  by  decomposition.  The  neo- 
type has  nearly  half  a whorl  of  adult  body  chamber  with  a maximum  diameter  of  about  46  mm.,  and 
WM  94  is  wholly  septate  up  to  its  maximum  diameter  of  36  mm.  The  ornament  fades  on  the  last  part 
of  the  body  chamber  of  the  neotype  and  the  aperture  is  probably  close  to  the  adult  mouth  border. 
The  whorl  section  is  elliptical,  and  the  venter  evenly  rounded.  The  ribs  are  feeble  and  inclined  forwards 
on  the  side  of  the  whorl,  and  on  the  venter  they  swing  further  forwards  and  diminish  to  striae. 

87.  Polymorphites  trivialis  (Simpson) 

Ammonites  trivialis  Simpson  1843,  p.  10;  1855,  p.  44;  1884,  p.  73. 

Holotype.  WM  105,  now  lost,  figured  by  Buckman  (1912,  pi.  53,  figs.  1,  \a,  16);  Robin  Hood’s  Bay. 

Genus  platypleuroceras  Hyatt  1 867 

88.  Platypleuroceras  aureum  (Simpson,  non  Young  and  Bird) 

Ammonites  aureus  Simpson  1855,  p.  44;  1884,  p.  74  (non  Young  and  Bird,  1822). 

Holotype.  WM  107,  figured  by  Buckman  (1909,  pi.  3);  Robin  Hood’s  Bay. 

89.  Platypleuroceras  ripleyi  (Simpson) 

Ammonites  ripleyi  Simpson  1843,  p.  11;  1855,  p.  44;  1884,  p.  74. 

Holotype.  WM  106,  figured  by  Buckman  (1909,  pi.  2);  Robin  Hood’s  Bay. 


EXPLANATION  OF  PLATE  16 

Figs.  Irt,  b.  Apoderoceras  decussatum  (Simpson).  Holotype,  SM  J18225,  Leckenby  Collection,  ex. 

Bean  Collection.  Lower  Lias;  Robin  Hood’s  Bay. 

Figs,  la,  b,  3,  4.  Amauroceras  conjunctivum  (Simpson),  la,  b,  Lectotype,  WM  227.  3,  Paratype, 
WM  223.  4,  Paratype,  WM  224.  All  from  Middle  Lias;  Ha wsker  Bottoms. 

Figs.  5a,  b.  Androgynoceras  arcigerens  (Phillips).  Holotype,  BM  17139,  Ripley  Collection.  Lower 
Lias;  Robin  Hood’s  Bay. 

Figs.  6a,  b.  Dactylioceras  crassifactum  (Simpson).  Paratype,  WM  497.  Upper  Lias;  Hawsker  Bottoms. 
Figs,  la,  b.  Dactylioceras  crassibundum  (Simpson).  Holotype,  GSM  26407,  Clarkson  Collection.. 
Upper  Lias,  Whitby. 


All  figures  natural  size. 
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90.  Platypleiiroceras  tenuispma  (Simpson) 

Ammouites  temiispina  Simpson  1855,  p.  69;  1884,  p.  103. 

The  holotype,  originally  in  the  collection  of  Mr.  E.  Charlesworth,  is  lost.  There  are  two  specimens 
(GSM  26490,  91)  in  the  Clarkson  Collection  at  the  Geological  Survey  identified  by  Clarkson  as  ^A. 
temiispina  Simpson’.  Both  are  16  mm.  diameter,  somewhat  larger  than  stated  by  Simpson,  but  other- 
wise they  agree  closely  with  his  description.  They  clearly  belong  to  Platypleiiroceras  aiireitm  (Simpson, 
non  Young  and  Bird),  and,  although  neither  can  be  claimed  to  be  the  holotype  of  temiispina,  it  is 
probable  that  the  latter  is  a synonym  of  P.  aureiim. 

Genus  uptonia  Buckman  1 898 

91.  Uptonia  ignota  (Simpson) 

Ammonites  ignotiis  Simpson  1855,  p.  61;  1884,  p.  94. 

Holotype.  WM  159,  figured  by  Buckman  (1910,  pi.  21);  Robin  Hood’s  Bay. 

92.  Uptonia  obsoleta  (Simpson) 

Ammonites  obsoletiis  Simpson  1843,  p.  23;  1855,  p.  59;  1884,  p.  91. 

Holotype.  WM  157,  figured  by  Buckman  (1914,  pi.  92);  Robin  Hood’s  Bay. 

Genus  gemmellaroceras  Hyatt  1900 

93.  Gemmellaroceras?  tubellum  (Simpson) 

Ammonites  tnbeUiis  Simpson  1855,  p.  42;  1884,  p.  71. 

Holotype.  WM  981,  figured  by  Buckman  (1924,  pi.  491);  Robin  Hood’s  Bay. 

This  is  the  type  species  of  the  genus  Tubellites  Buckman  1924,  which  genus  is  now  usually  placed  in 
the  synonymy  of  Gemmellaroceras.  The  holotype  is,  however,  only  8 mm.  diameter,  and  it  bears  much 
resemblance  to  the  smooth  inner  whorls  of  an  Eocleroceras,  such  as  the  specimen  figured  by  Buckman 
(1924,  pi.  64a)  as  E.  angiiiforme  (Simpson).  Inclusion  of  the  genus  and  species  in  Eocleroceras  would, 
therefore,  seem  at  least  equally  likely. 

Family  liparoceratidae  Hyatt  1867 
Genus  liparoceras  Hyatt  1867 

94.  Liparoceras  heptangiilare  (Young  and  Bird) 

Ammonites  heptangiilaris  Young  and  Bird  1828,  p.  263,  pi.  14,  fig.  1. 

Holotype.  WM  170,  figured  by  Buckman  (1914,  pis.  108a-c). 

Genus  beaniceras  Buckman  1913 

95.  Beaniceras  Iiiridiim  (Simpson) 

Ammonites  liirichis  Simpson  1855,  p.  46;  1884,  p.  76. 

Holotype.  SM  J3274,  figured  by  Buckman  (1913,  pi.  73)  and  by  Dean,  Donovan,  and  Howarth  (1961, 
pi.  69,  fig.  6). 

Type  species  of  Beaniceras. 
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Genus  androgynoceras  Hyatt  1867 

96.  Androgynoceras  arcigerens  (PhilUps) 

Plate  16,  figs.  5a,  b 

Ammonites  arcigerens  Vhliiyxys,  1829,  p.  163,  pi.  13,  fig.  9;  1835,  p.  135,  pi.  13,  fig.  9;  1875,  p.  270, 
pi.  13,  fig.  9. 

Holotype.  BM  17139,  probably  from  Robin  Hood’s  Bay.  Dimensions:  62  mm.:  17-5,  16-8,  32-2; 
20  ribs  at  63  mm.,  19  at  59  mm.,  18  at  56  mm.,  18  at  47  mm.,  19  at  40  mm.,  20  at  31  mm. 

Spath  (1938,  pp.  127-30)  used  arcigerens  as  a variety  of  A.  macnlatiim,  saying  that  the  holotype  was 
lost.  However,  Phillips  stated  (1835,  p.  184)  that  his  figured  specimen  was  in  the  Ripley  Collection, 
and  in  the  British  Museum  (Natural  History)  there  is  a specimen,  bought  from  Mr.  Ripley  before 
1850,  which  agrees  so  closely  with  Phillips’s  figure  (1835,  pi.  13,  fig.  9)  that  there  can  be  little  doubt 
that  it  is  the  holotype.  In  particular  it  has  the  same  number  of  ribs  on  the  last  whorl  as  in  Phillips’s 
figure,  and  the  beginning  of  the  last  whorl  is  crushed  and  cut  away  on  one  side  just  as  in  the  drawing. 
The  specimen  corresponds  closely  to  the  holotype  of  A.  macnlatiim  and  it  cannot  be  separated  as  a 
variety. 


97.  Androgynoceras  heterogenes  (Young  and  Bird) 

Ammonites  heterogenes  Young  and  Bird  1828,  p.  264,  pi.  14,  fig.  7. 

Holotype.  WM  195,  figured  by  Buckman  (1912,  pi.  46). 

98.  Androgynoceras  macidatinn  ( Young  and  Bird) 

Ammonites  macnlatns  Young  and  Bird  1822,  p.  248,  pi.  14,  fig.  12;  1828,  p.  259,  pi.  14,  fig.  9. 
Holotype.  WM  493,  figured  by  Buckman  (1912,  pis.  45a,  b). 

Genus  oistoceras  Buckman  1911 

99.  Oistoceras?  angidiferum  (Phillips) 

Ammonites  angnliferns  Phillips  1829,  p.  163,  pi.  13,  fig.  19;  1835,  p.  135,  pi.  13,  fig.  19;  1875, 
p.  270,  pi.  13,  fig.  19. 

This  species  is  probably  an  Oistoceras  (Spath  1938,  p.  174),  but  the  holotype,  originally  in  York 
Museum,  is  lost. 

100.  Oistoceras  figidinwn  (Simpson) 

Ammonites  fignlinus  Simpson  1855,  p.  47;  1884,  p.  78. 

Holotype.  WM  115,  figured  by  Buckman  (1911,  pi.  26a). 

Type  species  of  Oistoceras. 

101.  Oistoceras  oniissum  (Simpson) 

Ammonites  omissus  Simpson  1855,  p.  47;  1884,  p.  77. 

Holotype.  WM  502,  now  lost,  figured  by  Buckman  (1911,  pi.  27);  Robin  Hood's  Bay, 

Family  amaltheidae  Hyatt  1867 
Genus  amaltheus  de  Montfort  1808 

102.  Amaltheus  clevelandicus  (Young  and  Bird) 
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Ammonites  clevelandiciis  Young  and  Bird,  1822,  p.  253,  pi.  13,  fig.  11;  1828,  p.  267. 

Paratype.  WM  252,  figured  by  Buckman  (1918,  pi.  109);  this  specimen  is  probably  not  the  holotype 
which  is  lost. 

The  species  is  a synonym  of  Amalthens  stokesi  (J.  Sowerby). 

103.  Amalthens  depressus  (Simpson,  non  Bruguiere) 

Ammonites  depressus  Simpson  1843,  p.  40;  1855,  p.  82,  1884,  p.  118  {non  Bruguiere  1789). 

Holotype.  WM  247,  figured  by  Buckman  (1911,  pi.  25).  This  species  was  renamed  Amalthens  striatus 
Howarth  (1955,  p.  161)  with  the  same  holotype. 

104.  Amalthens?  exaseiatns  (Simpson) 

Ammonites  exasciatus  Simpson  1855,  p.  90;  1884,  p.  129. 

The  holotype  is  lost,  and  although  from  the  description  the  species  is  clearly  a Middle  Lias  Amal- 
theid,  in  the  absence  of  a type  specimen  it  cannot  now  be  interpreted. 

105.  Amalthens  nodnlosns  (Young  and  Bird,  non  Link) 

Ammonites  nodidosiis  Young  and  Bird  1828,  pp.  258,  359,  367,  pi.  12,  fig.  4 (non  Link  1807). 

Young  and  Bird's  figured  holotype  is  lost.  The  species  was  put  into  synonymy  with  Amalthens  snb- 
nodosns  (Young  and  Bird)  by  Howarth  (1958,  pp.  8,  9). 

106.  Amalthens  reticularis  (Simpson) 

Ammonites  reticularis  Simpson  1843,  p.  38;  1855,  p.  78;  1884,  p.  114. 

Holotype.  WM  217,  figured  by  Buckman  (1909,  pi.  1);  Hawsker  Bottoms. 

107.  Amalthens  snbnodosns  (Young  and  Bird) 

Ammonites  snbnodosns  Young  and  Bird  1828,  p.  258,  pi.  13,  fig.  3. 

Neotype.  SM  J44248,  from  Staithes,  designated  and  figured  by  Howarth  (1958,  p.  8,  pi.  2,  fig.  11). 
There  are  eight  specimens  listed  as  this  species  in  Simpson's  Catalogue,  but  none  of  them  agree  with 
Young  and  Bird's  description  and  figure,  and  most  belong  to  Plenroceras. 

108.  Amalthens  vittatns  (Young  and  Bird) 

Ammonites  vittatns  Young  and  Bird  1828,  p.  268,  pi.  14,  fig.  11. 

The  figured  holotype  from  Hawsker  Bottoms  is  lost,  but  from  Young  and  Bird's  description  it  is 
clear  that  the  specimen  was  an  Amalthens  snbnodosns  (see  Howarth  1958,  p.  9). 

Genus  amauroceras  Buckman  1913 

109.  Amauroceras  conjnnctivnm  (Simpson) 

Plate  16,  figs.  2a,  b,  3,  4 

Ammonites  conjnnctivus  Simpson  1855,  p.  78;  1884,  p.  114. 

Types.  In  Simpson's  Catalogue  the  five  specimens  WM  223-7  are  listed  as  this  species  and  all  must  be 
considered  syntypes.  Of  these  only  WM  223,  224,  and  227  now  remain,  and  227  is  here  selected  lecto- 
type;  all  are  from  Hawsker  Bottoms.  Dimensions  of  lectotype:  21T  mm.:  9-4,  c.  5-5,  5-5. 

This  species  is  clearly  synonymous  with  Amauroceras  ferrngineum  (Simpson  1855,  p.  79),  which  has 
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been  fully  described  by  Howarth  (1958,  pp.  24-26).  The  types  of  the  present  species  are  from  the  upper 
half  of  the  Apyrenum  Subzone  at  Hawsker  Bottoms.  Both  A.  fenughieum  and  A.  conjunctiviifti  have 
equal  priority,  and  in  order  to  preserve  nomenclatural  stability  A.  ferrugineum  is  here  selected  as  the 
name  for  this  species,  because  it  is  well  known  and  has  been  widely  used,  whereas  A.  conjunctivus  has 
never  been  in  common  use  since  its  proposal  by  Simpson. 

110.  Amauroceras  ferrugineum  (Simpson) 

Ammonites  fernigiueus  Simpson  1855,  p.  79;  1884,  p.  114. 

Types.  Simpson’s  two  syntypes  are  both  numbered  WM  482.  The  one  figured  by  Buckman  (1919, 
pi.  142)  was  designated  lectotype  by  Howarth  (1958,  p.  24). 

Type  species  of  Amauroceras. 

111.  Amauroceras  lenticukire  (Young  and  Bird) 

Ammonites  lenticnlaris  Young  and  Bird  1828,  p.  269. 

Holotype.  WM  218,  figured  by  Buckman  (1910,  pi.  20). 

Genus  pleuroceras  Hyatt  1 867 

112.  Pleuroceras  birdi  (Simpson) 

Ammonites  birdi  Simpson  1843,  p.  49;  1855,  p.  92;  1884,  p.  131. 

Holotype.  WM  278,  figured  by  Buckman  (1911,  pi.  24). 

113.  Pleuroceras  elaboratum  (Simpson) 

Ammonites  elaboratus  Simpson  1884,  p.  128. 

Holotype.  WM  302,  figured  by  Buckman  (1910,  pi.  22);  Hawsker  Bottoms. 

The  name  was  used  as  an  early  ‘subspecies’  or  ‘transient’  of  Pleuroceras  hawskerense  (Young  and 
Bird)  by  Howarth  (1959,  pp.  47-48). 

1 14.  Pleuroceras  hawskerense  (Young  and  Bird) 

Ammonites  hawskerensis  Young  and  Bird  1828,  p.  258,  pi.  14,  fig.  6. 

Type.  The  paratype  is  WM  269,  figured  by  Buckman  (1923,  pi.  408);  Hawsker  Bottoms. 

115.  Pleuroceras  regulare  (Simpson,  non  Bruguiere) 

Ammonites  regularis  Simpson  1855,  p.  89;  1884,  p.  127  (non  Bruguiere  1789). 

Holotype.  GSM  26403,  figured  by  Buckman  (1913,  pi.  77);  Hawsker  Bottoms.  Put  into  the  synonymy 
of  P.  solare  (Phillips)  by  Howarth  (1959,  p.  29). 

116.  Pleuroceras  solare  (Phillips) 

Ammonites  Solaris  Phillips,  1829,  p.  135,  pi.  4,  fig.  29;  1835,  p.  107,  pi.  4,  fig.  29. 

Neotype.  SM  J44277,  from  Hawsker  Bottoms,  was  designated  and  figured  by  Howarth  (1959,  p.  29, 
pi.  5,  fig.  1).  The  holotype  was  in  the  Williamson  Collection  which  went  to  Scarborough  Museum,  but 
it  is  now  lost. 


117.  Pleuroceras  soli  tar  ium  (Simpson) 


Ammonites  solitarius  Simpson  1855,  p.  93;  1884,  p.  133. 
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Holotype.  WM  500,  figured  by  Buckman  (1912,  pi.  52)  and  by  Howarth  (1959,  p.  31,  pi.  5,  fig.  10) 
where  it  was  shown  to  be  a variety  of  P.  solare  (Phillips);  Hawsker  Bottoms. 

Family  dactylioceratidae  Hyatt  1867 
Genus  dactylioceras  Hyatt  1867 

1 18.  Dactylioceras  andersoni  (Simpson) 

Ammonites  andersoni  Simpson  1855,  p.  58;  1884,  p.  90. 

The  holotype  was  in  the  Andersonian  Museum,  Glasgow,  probably  transferred  later  to  the  Royal 
College  of  Science  and  Technology,  Glasgow,  but  it  is  now  lost.  The  species  is  definitely  a Dactylioceras 
but  in  the  absence  of  a type  specimen  it  cannot  be  defined. 

119.  Dactylioceras  anmdiferum  (Simpson) 

Ammonites  anmdiferus  Simpson  1855,  p.  50;  1884,  p.  81. 

Holotype.  WM  492,  figured  by  Buckman  (1912,  pi.  63);  Whitby. 

120.  Dactylioceras  athleticimi  (Simpson) 

Ammonites  athleticns  Simpson  1855,  p.  102;  1884,  p.  82. 

Type.  The  holotype  is  WM  123,  figured  by  Buckman  (1912,  pi.  51a).  A much  better  preserved  topo- 
type  was  also  figured  by  Buckman  (1912,  pi.  51b).  The  horizon  and  locality — Middle  Lias,  Hawsker 
Bottoms — added  by  Simpson  in  1884  (p.  82)  indicate  that  the  specimens  were  found  loose,  having 
fallen  from  the  cliflf,  for  the  species  occurs  in  large  numbers  in  the  upper  half  of  the  Commune  Subzone. 
Type  species  of  Athlodactylites  Buckman  1927,  now  included  in  the  synonymy  of  Dactylioceras. 

121.  Dactylioceras  crassibimdum  (Simpson) 

Plate  16,  figs,  la,  b 

Ammonites  crassibimdns  Simpson  1855,  p.  55;  1884,  p.  87. 

Holotype.  GSM  26407,  Clarkson  Collection;  Whitby.  Dimensions:  maximum  diameter  59  mm.;  at 
57-8  mm.;  16-3,  16-4,  30-5;  46  primary  ribs  at  54  mm. 

The  holotype  is  wholly  septate  and  is  clearly  a synonym  of  Dactylioceras  commune  (J.  Sowerby) 
from  the  Alum  Shales  at  Whitby.  It  probably  came  from  the  lowest  part  of  the  Commune  Subzone, 
where  similar  specimens  are  found  which  are  not  so  finely  ribbed  up  to  25  mm.  diameter  as  the  holo- 
type of  D.  commune. 

122.  Dactylioceras  crassifactum  (Simpson) 

Plate  16,  figs.  6a,  b 

Ammonites  crassifactns  Simpson  1855,  p.  56;  1884,  p.  87. 

Type.  The  holotype,  2J-  inches  in  diameter  and  containing  mineral  oil  as  described  by  Simpson,  is 
lost.  The  paratype,  WM  497  from  Hawsker  Bottoms,  listed  in  Simpson’s  Catalogue,  is  now  figured. 
Dimensions:  47-3  mm.:  15-5,  — , 2T6;  41  primary  ribs. 

This  is  a depressed  species  of  Dactylioceras  for  the  whorl  breadth  slightly  exceeds  the  height.  Simp- 
son said  that  his  holotype  came  from  the  Jet  Rock;  the  horizon  of  the  paratype  might  be  the  same,  but 
it  is  not  recorded  and  it  cannot  be  deduced  from  the  preservation. 

123.  Dactylioceras  crassiusculosum  (Simpson) 

Ammonites  crassinsadosns  Simpson  1855,  p.  57;  1884,  p.  88. 

Holotype.  WM  137,  figured  by  Buckman  (1912,  pi.  62). 
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124.  Dactylioceras  crassiuscidum  (Simpson) 

Ammonites  crassiiisculiis  Simpson  1855,  p.  56;  1884,  p.  88. 

Holotype.  WM  499,  figured  by  Buckman  (1921,  pi.  209). 

125.  Dactylioceras  crassiilosum  (Simpson) 

Ammonites  crassiilosus  Simpson  1855,  p.  55;  1884,  p.  88. 

Holotype.  WM  124,  figured  by  Buckman  (1912,  pi.  58). 

126.  Dactylioceras  crassitlum  (Simpson) 

Ammonites  crassnius  Simpson  1843,  p.  20;  1855,  p.  54;  1884,  p.  86. 

Holotype.  WM  489,  figured  by  Buckman  (1921,  pi.  208). 

127.  Dactylioceras  delicatimi  (Simpson) 

Ammonites  delicatus  Simpson  1855,  p.  54,  1884,  p.  86. 

Types.  Buckman  (1926,  pi.  656)  figured  a block  (WM  139)  containing  the  syntypes  and  selected  one  of 
them  to  be  the  lectotype. 

128.  Dactylioceras  gracile  (Simpson) 

Ammonites  gracilis  Simpson  1843,  p.  20;  1855,  p.  54;  1884,  p.  85. 

Holotype.  WM  488,  figured  by  Buckman  (1914,  pi.  107). 

129.  Dactylioceras  semicelatiim  (Simpson) 

Ammonites  semicelatus  Simpson  1843,  p.  22;  1855,  p.  50;  1884,  p.  81. 

Holotype.  WM  116,  figured  by  Buckman  (1911,  pi.  31). 

Type  species  of  Knptodactylites  Buckman,  1926,  now  included  in  synonymy  with  Dactylioceras. 

130.  Dactylioceras  tenuicostatum  (Young  and  Bird) 

Ammonites  tenuicostatiis  Young  and  Bird  1822,  p.  247,  pi.  12,  fig.  8. 

Ammonites  annidatiis  Sowerby,  Young  and  Bird  1828,  p.  253,  pi.  12,  fig.  11. 

Type.  The  holotype  was  WM  81  which  is  now  lost.  Records  of  this  widely  quoted  speeies  have  been 
based  on  three  well-preserved  topotypes  figured  by  Wright  (1884,  p.  475,  pi.  84,  figs.  7,  8)  and  Buckman 
(1920,  pi.  157;  1927,  pi.  157a).  A suitable  neotype  should  be  designated  when  the  group  is  next  revised. 
Type  species  of  Tenuidactylites  Buckman  1926,  now  included  in  Dactylioceras. 

131.  Dactylioceras  vermis  (Simpson) 

Ammonites  vermis  Simpson  1855,  p.  51;  1884,  p.  82. 

Holotype.  WM  483,  figured  by  Buckman  (1913,  pi.  68). 

Type  species  of  Vermidactylites  Buckman  1926,  now  included  in  Dactylioceras. 

Genus  peronoceras  Hyatt  1867 

132.  Peronoceras  andraei  (Simpson) 

Ammonites  andraei  Simpson  1843,  p.  23;  1855,  p.  59;  1884,  p.  91. 

Holotype.  WM  520,  figured  by  Buckman  (1912,  pi.  57);  Whitby. 
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133.  Peronoceras  attenuation  (Simpson) 

Ammonites  attemiatus  Simpson  1855,  p.  54;  1884,  p.  85. 

Holotype.  WM  111,  figured  by  Buckman  (1926,  pi.  655);  Peak,  Ravenscar. 

Type  species  of  Microdactylites  Buckman  1926,  included  here  in  the  synonymy  of  Peronoceras. 

134.  Peronoceras  perarmatwn  (Young  and  Bird) 

Ammonites perarrnatiis  Young  and  Bird  1822,  pp.  249-50,  pi.  14,  fig.  1 1 (non  J.  Sowerby,  1822). 
Ammonites  siibarmatus  Young  and  Bird  1828,  p.  263,  pi.  14,  fig.  8. 

Holotype.  WM  180,  figured  by  Buckman  (1912,  pi.  50). 

135.  Peronoceras  semiarmatum  (Simpson) 

Plate  17,  figs.  6fl,  b 

Ammonites  semiarmatus  Simpson  1855,  p.  60;  1884,  p.  92. 

Type.  WM  155  and  522  are  listed  as  belonging  to  this  species  in  Simpson's  Catalogue.  WM  155  is  lost, 
and  WM  522  does  not  agree  with  Simpson’s  description,  for  the  outer  whorl  has  normal  ribs  and 
tubercles.  The  holotype  appears  to  have  been  a worn  or  abnormal  specimen  for  no  known  Peronoceras 
becomes  smooth  even  on  the  adult  body  chamber.  Therefore  WM  522  may  be  designated  neotype.  It 
is  from  the  Alum  Shales  on  the  foreshore  east  of  Whitby. 

The  neotype  has  about  two-thirds  of  a whorl  of  body  chamber,  which  has  single  unlooped  ribs 
bifurcating  at  the  ventro-lateral  edge,  and  ventro-lateral  tubercles.  The  inner  whorls  are  coronate, 
with  ribs  looped  to  ventro-lateral  spines.  It  is  closely  related  to,  and  perhaps  conspecific  with,  Perono- 
ceras andraei  (Simpson). 

136.  Peronoceras  subarmatum  (Young  and  Bird) 

Plate  17,  figs.  5a,  b 

Ammonites  subarmatus  Young  and  Bird  1822,  p.  250,  pi.  13,  fig.  3 (non  1828,  p.  263,  pi.  14, 
fig.  8 = P.  perarmatiim). 

Type.  In  Simpson’s  Catalogue  WM  181  and  521  are  identified  with  this  species.  WM  181  is  lost  and  it 
may  have  been  Young  and  Bird’s  figured  holotype.  WM  521,  figured  here,  is  definitely  the  specimen 
described  by  Simpson  (1843,  p.  23;  1855,  p.  60)  under  this  specific  name,  and  it  bears  much  resemblance 
to  Young  and  Bird’s  description  and  figure.  It  has  a label  in  Simpson’s  writing  ‘A.  subarmatus  Lias 
Whitby’,  and  clearly  comes  from  the  foreshore  outcrop  east  of  Whitby.  This  specimen  is  here  desig- 
nated neotype,  though  the  possibility  remains  that  it  might  be  the  holotype.  Dimensions  of  WM  521 : 
maximum  diameter  60  mm.;  at  50  mm.:  16-6,  19-3,  24-3. 

The  neotype  (?  holotype)  has  a deep  umbilicus,  depressed  whorls  with  a broad  arched  venter  crossed 
by  the  secondary  ribs,  and  primary  ribs  on  the  side  of  the  whorl  mostly  looped  in  pairs  to  prominent 
ventro-lateral  tubercles.  On  the  inner  whorls  the  tubercles  are  elongated  into  short  spines.  There  are 
thirty-nine  primary  ribs  on  the  last  whorl  at  60  mm.  diameter. 

137.  Peronoceras  turriculatwn  (Simpson) 

Ammonites  tnrricidatus  Simpson  1855,  p.  59;  1884,  p.  91. 

Holotype.  WM  152,  figured  by  Buckman  (1911,  pi.  30). 


Genus  porpoceras  Buckman  1911 

138.  Porpoceras  vortex  (Simpson) 
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Ammonites  vortex  Simpson  1855,  p.  60;  1884,  p.  92. 

Holotype.  WM  153«,  figured  by  Buckman  (1911,  pi.  29a). 

Type  species  of  Porpoceras. 

139.  Porpoceras  vorticellum  (Simpson) 

Ammonites  vorticellus  Simpson  1855,  p.  61 ; 1884,  p.  93. 

Holotype.  WM  154,  figured  by  Buckman  (1913,  pi.  90). 

Genus  nodicoeloceras  Buckman  1926 

140.  Nodicoeloceras  crassescens  (Simpson) 

Ammonites  crassescens  Simpson  1855,  p.  55;  1884,  p.  87. 

Holotype.  WM  135,  figured  by  Buckman  (1927,  pi.  719). 

141.  Nodicoeloceras  crassoides  (Simpson) 

Ammonites  crassoides  Simpson  1855,  p.  55;  1884,  p.  86. 

Holotype.  WM  126,  figured  by  Buckman  (1913,  pi.  89). 

Type  species  of  Nodicoeloceras. 

142.  Nodicoeloceras  fonticidus  (Simpson) 

Ammonites  fonticidus  Simpson  1855,  p.  57;  1884,  p.  89. 

Holotype.  WM  496,  figured  by  Buckman  (1912,  pi.  59). 

143.  Nodicoeloceras  incrassatiim  (Simpson) 

Ammonites  incrassatus  Simpson  1855,  p.  54;  1884,  p.  86. 

Holotype.  WM  149,  figured  by  Buckman  (1921,  pi.  210). 

Genus  catacoeloceras  Buckman  1923 

144.  Catacoeloceras  crassum  (Young  and  Bird) 

Ammonites  crassus  Young  and  Bird  1828,  p.  253. 

Holotype.  WM  125,  figured  by  Buckman  (1918,  pi.  119). 


EXPLANATION  OF  PLATE  17 

Figs.  1,  2.  Phylloceras  easingtonense  (Simpson).  1,  Holotype.  2,  Paratype.  Both  on  a large  slab  in 
the  collection  of  the  Royal  College  of  Science  and  Technology,  Glasgow.  Upper  Lias,  Jet  Rock; 
Boulby. 

Figs.  3a,  b.  Eleganticeras  rugatidiim  (Simpson).  Holotype,  WM  250.  Upper  Lias,  Jet  Rock;  York- 
shire coast. 

Figs.  4fl,  Z).  Harpoceras  nmltifoliatum  {,^'impson).  Holotype,  WM  219.  Upper  Lias,  Jet  Rock;  York- 
shire coast. 

Figs.  5a,  b.  Peronoceras  subarmatiim  (Young  and  Bird).  Neotype  (?  Holotype),  WM  521.  Upper  Lias; 
foreshore  east  of  Whitby. 

Figs.  6fl,  Z>.  Peronoceras  semiarmatum  (Simpson).  Neotype,  WM  522.  Upper  Lias;  foreshore  east  of 
Whitby. 

All  figures  natural  size. 
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145.  Catacoeloceras  crosbeyi  (Simpson) 

Ammonites  crosbeyi  Simpson  1843,  p.  22;  1855,  p.  58;  1884,  p.  90. 

Holotype.  WM  134,  figured  by  Buckman  (1912,  pi.  60). 

146.  Catacoeloceras  foveatum  (Simpson) 

Ammonites  foveatus  Simpson  1855,  p.  57;  1884,  p.  89. 

Holotype.  WM  340,  figured  by  Buckman  (1913,  pi.  69). 

147.  Catacoeloceras  puteolum  (Simpson) 

Ammonites  piiteolns  Simpson  1855,  p.  58;  1884,  p.  90. 

Holotype.  WM  136,  figured  by  Buckman  (1912,  pi.  61). 

Family  hildoceratidae  Hyatt  1867 
Genus  arieticeras  Seguenza  1885 

148.  Arieticeras  geometricum  (Phillips) 

Plate  18,  figs.  2a,  b 

Ammonites  geometriciis  Phillips  1829,  p.  164,  pi.  14,  fig.  9;  1835,  p.  135,  pi.  14,  fig.  9;  1875, 
p.  268,  pi.  14,  fig.  9. 

Type.  Phillips  stated  (1835,  p.  184)  that  his  figured  specimen  was  in  Mr.  Ripley’s  Collection.  The 
specimen  figured  here,  BM  14721,  was  purchased  by  the  British  Museum  (Natural  History)  from  Mr. 
Ripley  about  1843,  and  it  shows  a close  resemblance  to  Phillips’s  figure.  The  whorl  proportions  and 
ribbing  are  the  same  as  in  the  figure,  there  being  thirty-three  ribs  on  the  last  whorl  of  the  specimen 
and  thirty-four  or  thirty-five  on  the  figure.  This  species  has  often  been  referred  to  Arnioceras  before, 
but  the  venter  and  curiously  drawn  keel  in  the  figure  do  not  bear  this  out,  for  they  show  much  greater 
resemblance  to  Arieticeras.  This  also  agrees  with  Phillips’s  assertion  (1875,  p.  268)  that  the  species 
was  from  the  Middle  Lias  and  was  close  to  the  Amaltheidae.  The  specimen  BM  14721  cannot  be  proved 
to  be  the  holotype  and  it  is  therefore  here  designated  neotype.  It  is  from  the  Margaritatus  Zone  at 
either  Hawsker  Bottoms  or  Staithes.  Dimensions:  78  mm.:  23  0,  14-8,  37  0. 

The  neotype  is  slightly  distorted,  and  has  nearly  half  a whorl  of  body  chamber,  but  it  is  not  adult. 
The  ribs  are  simple  and  almost  straight  throughout,  curving  forwards  on  the  venter  to  die  out  before 
reaching  the  keel. 

149.  Arieticeras  nitescens  (Young  and  Bird) 

Ammonites  niteseens  Young  and  Bird  1828,  p.  257. 

Holotype.  WM  256,  figured  by  Buckman  (1913,  pi.  74). 

Genus  harpoceras  Waagen  1869 

150.  Harpoceras  exaratum  (Young  and  Bird) 

Ammonites  exaratiis  Young  and  Bird  1828,  p.  266. 

Holotype.  WM  202,  figured  by  Buckman  (1909,  pi.  5). 

151.  Harpoceras  nmlgr avium  (Young  and  Bird) 

Ammonites  miilgravius  Young  and  Bird  1822,  p.  251,  pi.  13,  fig.  8;  1828,  p.  266,  pi.  13,  fig.  8. 
Holotype.  WM  205,  figured  by  Buckman  (1909,  pis.  4a,  b). 
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152.  Harpoceras  muhifoliatum  (Simpson) 

Plate  17,  figs.  4a,  b 

Ammonites  muItifoUatus  Simpson,  1855,  p.  73,  1884,  p.  108. 

Holotype.  WM  219,  from  the  Jet  Rock.  Dimensions:  25-4  mm.:  12-2,  — , 5-7. 

The  holotype  consists  of  wholly  septate  inner  whorls,  with  mineral  oil  in  some  of  the  air  chambers, 
a preservation  typical  of  the  Jet  Rock.  The  specimen  shows  all  the  normal  characters  of  Harpoceras 
exaratum  (Young  and  Bird)  of  which  it  is  a synonym,  and  it  can  be  matched  exactly  with  many  speci- 
mens collected  from  known  horizons  in  the  Jet  Rock.  The  fauna  to  which  it  belongs  will  be  described 
in  detail  elsewhere. 

153.  Harpoceras  sigmifer  (Phillips) 

Ammonites  sigmifer  Phillips  1829,  p.  164,  pi.  13,  fig.  4;  1835,  p.  136,  pi.  13,  fig.  4;  1875,  p.331, 
pi.  13,  fig.  4. 

The  holotype  was  probably  a Falcifer  Zone  Harpoceras,  but  it  is  now  lost  and  the  species  cannot  be 
accurately  identified. 


Genus  eleganticeras  Buckman  1913 

154.  Eleganticeras  elegantuJum  (Young  and  Bird) 

Ammonites  elegantuliim  Young  and  Bird  1828,  p.  267. 

Holotype.  WM  212,  figured  by  Buckman  (1914,  pi.  93). 

155.  Eleganticeras  ovatulum  (Simpson) 

Ammonites  ovatulum  Simpson  1855,  p.  76;  1884,  p.  112. 

Holotype.  WM  235,  figured  by  Buckman  (1914,  pi.  106). 

1 56.  Eleganticeras  rugatulum  (Simpson) 

Plate  17,  figs.  3a,  b 

Ammonites  rugatulus  Simpson  1855,  p.  73;  1884,  p.  108. 

Holotype.  WM  250,  from  the  Jet  Rock.  Dimensions:  22-4  mm.:  9-3,  5-7,  5-9;  18-5  mm.:  8-2,  4-9, 4-4. 

The  holotype  is  a complete  adult  with  a constricted  and  flared  mouth  border  at  22-5  mm.  diameter. 
Large  numbers  of  this  species  have  been  collected  from  the  Jet  Rock,  and  together  with  the  holotype 
they  will  be  described  in  detail  elsewhere. 

157.  Eleganticeras  simile  (Simpson) 

Plate  18,  figs,  la,  b 

Ammonites  similis  Simpson  1843,  p.  34;  1855,  p.  74;  1884,  p.  109. 

Holotype.  WM  237,  from  the  Jet  Rock,  Hawsker  Bottoms.  Dimensions  33-2  mm.:  17-4,  — 5 5. 

The  holotype  is  a small  specimen  from  the  lower  part  of  the  Jet  Rock  and  it  clearly  belongs  to 
E.  elegantuliim  (Young  and  Bird).  The  latter  species  will  be  described  in  detail  elsewhere. 

Genus  harpoceratoides  Buckman  1909 

158.  Harpoceratoides  alternatus  (Simpson,  non  Woodward,  non  d’Orbigny) 
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Ammonites  alternatus  Simpson  1843,  p.  43;  1855,  p.  86;  1884,  p.  123  (non  Woodward,  1833, 
non  d’Orbigny,  1842). 

Holotype.  WM  338,  figured  by  Buckman  (1909,  pi.  9);  Jet  Rock,  Hawsker  Bottoms. 

Type  species  of  Harpoceratoides. 


Genus  ovaticeras  Buckman  1918 

159.  Ovaticeras  ovatum  (Young  and  Bird) 

Ammonites  ovatiis  Young  and  Bird  1822,  p.  251,  pi.  13,  fig.  4;  1828,  p.  265,  pi.  13,  fig.  4. 

Holotype.  WM  197,  figured  by  Buckman  (1918,  pi.  111a),  is  the  original  of  the  1822  figure  and  is 
therefore  the  holotype.  WM  198  (now  lost),  also  figured  by  Buckman  (1918,  pis.  1 11b,  c)  and  made  the 
holotype  of  his  new  species,  O.  pseudovatinn,  is  the  original  of  the  1828  figure,  and  it  does  not  differ 
specifically  from  O.  ovatum. 

Type  species  of  Ovaticeras. 


Genus  whitbyiceras  Buckman  1913 

160.  Whitbyiceras  pingue  (Simpson,  non  Roemer) 

Ammonites  pinguis  Simpson  1855,  p.  100;  1884,  p.  141  (non  Roemer  1836). 

Holotype.  GSM  26408,  figured  by  Buckman  (1913,  pi.  80). 

Type  species  of  Whitbyiceras. 

Genus  pseudolioceras  Buckman  1 889 

161.  Pseudolioceras  bouJbiense  (Young  and  Bird) 

Ammonites  boidbiense  Young  and  Bird  1822,  p.  252;  1828,  p.  267. 

Holotype.  WM  213,  figured  by  Buckman  (1910,  pi.  1 1). 

162.  Pseudolioceras  compact  He  (Simpson) 

Ammonites  compactilis  Simpson  1855,  p.  75;  1884,  p.  110. 

Type.  GSM  24914  is  probably  the  holotype  and  was  figured  by  Buckman  (1911,  pi.  41a).  A topotype 
named  by  Simpson  (WM  298)  was  also  figured  by  Buckman  (1911,  pi.  41b). 

Type  species  of  Pseudolioceras. 

163.  Pseudolioceras?  lectum  (Simpson) 

Ammonites  lectus  Simpson  1843,  p.  34;  1855,  p.  75;  1884,  p.  1 10. 

Holotype.  WM  238,  figured  by  Buckman  (1911,  pi.  43). 

164.  Pseudolioceras  leptophyllum  (Simpson) 

Plate  18,  figs.  Sa,  b 

Ammonites  leptophyllus  Simpson  1855,  p.  80;  1884,  p.  116. 

Holotvpe.  An  unnumbered  specimen  in  Scarborough  Museum  as  stated  by  Simpson.  Dimensions: 
82-3  mm.:  43-8,  — , 12  0. 

The  holotype  is  a wholly  septate  internal  mould,  completely  covered  with  matrix  on  the  unfigured 
side.  The  whorls  are  compressed  with  a vertical  umbilical  wall.  Ribs  are  present  on  the  ventral  half  of 
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the  whorl,  inclined  strongly  backwards  but  fading  before  reaching  the  ventral  edge.  The  matrix  is  a 
ferruginous  sandstone  which  cannot  be  matched  with  any  bed  in  the  Whitbian  of  the  Yorkshire  coast. 
The  most  likely  horizon  is  the  Serpula  Beds,  the  upper  half  of  the  Grey  Beds,  at  Peak,  Ravenscar; 
probably  beds  79-81  of  Dean  ( 1954,  p.  167)  belonging  to  the  Dispansum  Subzone.  The  matrix  of  other 
ammonites  from  this  horizon  agrees  with  that  of  the  present  holotype. 

165.  PseudoUoceras  lythense  (Young  and  Bird) 

Ammonites  lyt/iensis  Young  and  Bird  1828,  p.  267. 

Holotype.  WM  208,  figured  by  Buckman  (1910,  pi.  13). 

166.  PseudoUoceras  simplex  (Simpson) 

Plate  18,  figs.  4rt,  b 

Ammonites  simplex  Simpson  1855,  p.  84;  1884,  p.  120. 

Holotvpe.  GSM  23949,  Lycett  Collection,  ex.  Charlesworth  Collection.  Dimensions:  at  21-2  mm.: 
9-9,  — , 4-5. 

The  holotype  is  a small  juvenile  specimen  with  a quarter  of  a whorl  of  body  chamber.  The  whorls 
are  compressed  and  have  a slightly  differentiated  keel.  At  the  beginning  of  the  last  whorl  there  are 
reduced  and  striate  sigmoidal  ribs  but  these  soon  fade  and  the  last  half  whorl  is  smooth.  The  suture- 
line is  characterized  by  a small  lobe  which  divides  the  first  lateral  saddle  into  two  halves,  and  a fairly 
deep  first  lateral  lobe.  Generic  placing  of  this  specimen  is  difficult,  but  PseudoUoceras  is  favoured 
rather  than  Oxynoticeras  because  of  the  suture-line  characters.  PseudoUoceras  lectum  figured  by  Buck- 
man  ( 191 1,  pi.  43)  and  the  specimen  figured  by  Tate  and  Blake  (1876,  p.  309,  pi.  8,  fig.  7 — BM  Cl 7985), 
probably  belonging  to  the  same  species,  both  have  suture-lines  with  these  same  features.  The  locality 
of  the  holotype  was  said  to  be  Robin  Hood’s  Bay,  but  this  could  include  the  Upper  Lias  at  Peak  from 
which  it  probably  came. 

167.  PseudoUoceras?  subconcavum  (Young  and  Bird) 

Ammonites  concavus  Young  and  Bird  1822,  p.  251,  pi.  13,  fig.  5 (non  J.  Sowerby  1815). 
Ammonites  snbconcavns  Young  and  Bird  1828,  p.  266,  pi.  13,  fig.  5. 

Holotype.  WM  214,  figured  by  Buckman  (1910,  pi.  10). 

Genus  monestieria  Cossmann,  1922 

168.  Monestieria  errata  (Simpson) 

Ammonites  erratns  Simpson  1843,  p.  8;  1855,  p.  37;  1884,  p.  65. 

Holotype.  WM  90,  figured  by  Buckman  (1920,  pi.  188)  as  PseudoUoceras:  ? Hawsker  Bottoms. 


EXPLANATION  OF  PLATE  18 

Figs,  la,  b.  Eleganticeras  simile  (Simpson).  Holotype,  WM  237.  Upper  Lias,  Jet  Rock;  Hawsker 
Bottoms. 

Figs,  la,  b.  Arieticeras  geometricnm  (Phillips).  Neotype  (?  Holotype),  BM  14721,  Ripley  Collection. 

Middle  Lias;  Yorkshire  coast  (Hawsker  Bottoms  or  Staithes). 

Figs.  3a,  b.  Hoplocrioceras  phillipsi  (Phillips).  Holotype,  YM  424,  Bean  Collection.  Speeton  Clay; 
Speeton. 

Figs.  4a,  b.  PseudoUoceras  simplex  (Simpson).  Holotype,  GSM  23949,  Lycett  Collection,  ex  Charles- 
worth  Collection.  Upper  Lias;  ? Peak,  Ravenscar. 

Figs.  5a,  b.  PseudoUoceras  leptophyllum  (Simpson).  Holotype,  Scarborough  Museum.  Upper  Lias 
(probably  Grey  Beds,  Peak,  Ravenscar). 

All  figures  natural  size. 


Palaeontology,  Vol.  5 


PLATE  18 


HOWARTH,  Yorkshire  ammonites 


M.  K.  HOWARTH:  YORKSHIRE  TYPE  AMMONITES 


123 


Genus  hildoceras  Hyatt  1867 

169.  Hildoceras  hildense  (Young  and  Bird) 

Ammonites  hildensis  Young  and  Bird  1822,  p.  247,  pi.  12,  fig.  1;  1828,  p.  254,  pi.  12,  fig.  1. 

Type.  This  species  is  an  objective  synonym  of  Hildoceras  walcoti  (J.  Sowerby),  and  the  neotype  is  a 
specimen  from  the  Alum  Shales  of  Whitby  figured  by  Buckman  (1928,  pi.  773).  The  original  specimen 
figured  by  Young  and  Bird  (now  lost)  and  the  topotype  figured  by  Buckman  (1926,  pi.  667)  are  not 
valid  as  type  specimens.  See  note  on  nomenclature  below. 

Genus  hildaites  Buckman  1921 

170.  Hildaites  levisoni  (Simpson) 

Ammonites  kvisofu  Simpson  1843,  p.  54;  1855,  p.  99;  1884,  p.  140. 

Holotype.  WM  310,  figured  by  Buckman  (1910,  pi.  12). 

Genus  frechiella  Prinz  1904 

171.  Frechiella  subcar  inala  (Young  and  Bird) 

Ammonites  snbcarinatiis  Young  and  Bird  1822,  p.  255,  pi.  12,  fig.  7;  1828,  p.  271,  pi.  12,  fig.  9. 

Holotype.  WM  63,  figured  by  Buckman  (1910,  pi.  23). 

Type  species  of  Frechiella. 

Genus  pseudogrammoceras  Buckman  1901 

172.  Pseudogrammoceras  latescens  (Simpson) 

Ammonites  latescens  Simpson  1843,  p.  54;  1855,  p.  100;  1884,  p.  140. 

Holotype.  WM  311,  figured  by  Buckman  (1913,  pi.  79). 

Family  hammatoceratidae  Buckman  1887 
Genus  phymatoceras  Hyatt  1867 

173.  Phymatoceras  fabale  (Simpson) 

Ammonites  fabalis  Simpson  1855,  p.  77;  1884,  p.  113. 

Holotype.  WM  774,  figured  by  Buckman  (1921,  pi.  244),  but  the  specimen  is  now  lost. 

1 74.  Phymatoceras  rude  (Simpson) 

Ammonites  rudis  Simpson  1843,  p.  44;  1855,  p.  87;  1884,  p.  124. 

Holotype.  WM  251,  figured  by  Buckman  (1910,  pi.  14). 

Genus  haugia  Buckman  1888 

175.  Haugia  beani  (Simpson) 

Ammonites  beani  Simpson  1843,  p.  36;  1855,  p.  77;  1884,  p.  113. 

Holotype.  WM  291,  figured  by  Buckman  (1910,  pi.  15);  Peak,  Ravenscar. 
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176.  Haugia  obliquata  (Young  and  Bird) 

Ainmomtes  obliquatus  Young  and  Bird  1828,  p.  265. 

Type.  WM  222,  figured  by  Buckman  (1921,  pis.  234a,  b),  is  the  holotype  or  the  only  remaining  syntype; 
in  Simpson’s  Catalogue  four  specimens  are  identified  as  this  species. 

177.  Haugia  phillipsi  (Simpson,  non  Sowerby,  non  Roemer) 

Ammonites  phillipsi  Simpson  1843,  p.  36;  1855,  p.  78;  1884,  p.  113  (non  J.  de  C.  Sowerby  1831, 
non  Roemer  1841). 

Holotype.  WM  1370,  figured  by  Buckman  (1913,  pi.  85);  Peak,  Ravenscar. 

Indeterminate  Liassic  species 

178.  Ammonites  bispicatus  Simpson  1855,  p.  102;  1884,  pp.  102,  105. 

179.  Ammonites  complanatus  Young  and  Bird  1828,  p.  268  (non  Bruguiere  1789). 

180.  Ammonites  involutiis  Simpson  1855,  p.  39;  1884,  p.  67  (non  Quenstedt  1846). 

181.  Ammonites  labratus  Simpson  1855,  p.  36;  1884,  p.  63. 

182.  Ammonites  petricosus  Simpson  1855,  p.  68;  1884,  p.  102. 

183.  Ammonites  volutus  Simpson  1843,  p.  43;  1855,  p.  86;  1884,  p.  123. 

The  primary  type  specimens  of  the  preceding  six  species  are  all  lost,  and  none  of  them  can  be  identi- 
fied, specifically  or  generally,  from  the  description  alone.  Nos.  178,  180,  and  182  were  probably  from 
the  Lower  Lias,  but  the  age  of  the  others  cannot  be  narrowed  down  at  all. 


UPPER  JURASSIC  AMMONITE  SPECIES 
Family  oppeliidae  Bonarelli  1894 
Genus  taramelliceras  Del  Campana  1904 
1 84.  Taramelliceras  oculatum  (Phillips) 

Ammonites  ociilatus  Phillips  1829,  p.  138,  pi.  5,  fig.  16;  1835,  p.  109,  pi.  5,  fig.  16;  1875,  p.  265, 
pi.  5,  fig.  16. 

Holotype.  YM,  Bean  Collection,  figured  by  Buckman  (1921,  pi.  224);  Oxford  Clay,  Scarborough. 

Family  macrocephalitidae  Buckman  1922 
Genus  macrocephalites  Zittel  1884 
Subgenus  Kamptokephalites  Buckman  1922 
185.  Macrocephalites  {Kamptokephalites)  terebratus  (Phillips) 

Plate  19,  figs,  la,  b 

Ammonites  terebratus  Phillips  1829,  p.  145;  1835,  p.  116;  1875,  p.  267. 

Type.  BM  39566,  from  the  Cornbrash,  Scarborough,  is  here  designated  neotype.  It  was  figured  in  front 
view  by  Blake  (1905,  pi.  3,  fig.  6).  The  specimen  is  from  the  Bean  Collection  and  bears  his  label  ^Ammo- 
nites terebratus.  Cb.’  There  is  the  possibility  that  this  is  Phillips’s  holotype,  which  was  simply  described 
as  ‘similar  [to  Am  lierveyi  Sow.]  but  more  globular  species,  with  a very  acute  and  narrow  umbilicus’; 
but  it  was  not  figured,  and  in  the  absence  of  direct  evidence  it  is  best  to  take  it  as  the  neotype.  Dimen- 
sions: 93  mm.:  55,  69,  15-8. 

The  neotype  is  a globular,  almost  spherical  specimen,  with  a very  large  whorl  breadth,  a narrow 
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umbilicus,  vertical  umbilical  walls,  and  a crescent-shaped  whorl  section.  The  ribs  bifurcate  soon  after 
leaving  the  umbilical  edge  and  in  some  places  a third  secondary  rib  is  intercalated.  There  is  two- 
thirds  of  a whorl  of  body  chamber  and  part  of  the  mouth  border  is  preserved.  Blake  (1905,  p.  44,  pi.  3, 
hg.  6)  referred  this  specimen  to  M.  macrocephahis  (Schlotheim)  but  Spath  (1928a,  p.  172)  kept  Phillips’s 
species  distinct. 

Family  kosmoceratidae  Haug  1887 
Genus  kosmoceras  Waagen  1869 

1 86.  Kosmoceras  gemmatum  ( Phillips) 

A}7U)ionites gemmatiis  Phillips  1829,  p.  141,  pi.  6,  fig.  17;  1835,  p.  113,  pi.  6,  fig.  17;  1875,  p.  266, 
pi.  6,  fig.  17. 

Neotype.  SM  J4822,  designated  and  figured  by  Arkell  (19396,  p.  189,  fig.  4).  The  holotype  is  lost. 

Subgenus  lobokosmoceras  Buckman  1923 

187.  Kosmoceras  {Lobokosmoceras)  rowlstoneiise  (Young  and  Bird) 

Ammonites  rowlstoiieiisis  Young  and  Bird  1822,  p.  253,  pi.  13,  fig.  10;  1828,  p.  269,  pi.  13,  fig.  10. 
Holotype.  WM  1512,  figured  by  Buckman  (1923,  pi.  437);  Hackness  Rock,  Rowlston  Scar. 

Family  cardioceratidae  Siemiradzki  1891 
Genus  chamoussetia  Douville  1912 

188.  Chamoussetia  fimifera  (Phillips) 

Ammonites funifems  Phillips  1829,  p.  142,  pi.  6,  fig.  23;  1835,  p.  113,  pi.  6,  fig.  23;  1875,  p.  266, 
pi.  6,  fig.  23. 

The  holotype  was  from  the  Kelloways  Rock  of  Scarborough  but  is  lost,  and  the  species,  although 
probably  a Chamoussetia,  is  not  now  recognizable. 

189.  Chamoussetia  lenticularis  (Phillips,  non  Young  and  Bird) 

Ammonites  lenticularis  Phillips  1829,  pp.  131,  142,  164,  pi.  6,  fig.  25;  1835,  p.  135,  pi.  6,  fig.  25; 
1875,  p.  266,  pi.  6,  fig.  25  {non  Young  and  Bird  1828). 

The  holotype  is  lost.  The  species  is  a Chamoussetia  from  the  Kelloways  Rock,  and  the  name,  if 
revived,  must  be  based  on  an  authentic  Yorkshire  neotype,  and  not  on  the  Wiltshire  specimen  figured 
by  Buckman  (1924,  pi.  462). 


Genus  quenstedtoceras  Hyatt  1877 

1 90.  Quenstedtoceras  crenulare  (Phillips) 

Ammonites  crenularis  Phillips  1829,  p.  164,  pi.  12,  fig.  22;  1835,  p.  135,  pi.  12,  fig.  22;  1875, 
p.  268,  pi.  12,  fig.  22. 

The  holotype,  originally  in  York  Museum,  is  now  lost,  and,  although  the  species  is  a Quenstedtoceras 
probably  of  the  Lambert!  Zone,  it  cannot  be  properly  interpreted. 

191.  Quenstedtoceras  flexicostatum  (Phillips) 

Ammonites  flexicostatus  Phillips  1829,  p.  142,  pi.  6,  fig.  20;  1835,  p.  113,  pi.  6,  fig.  20;  1875, 
p.  266,  pi.  6,  fig.  20. 
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The  holotype  is  lost,  but  the  species  is  a Quenstedtoceras  of  the  Hackness  Rock,  probably  conspecific 
with  Q.  lamberti  (J.  Sowerby  1819). 

Genus  goliathiceras  Buckman  1919 

192.  Goliathiceras  ammonoides  (Young  and  Bird) 

Nautilus  ammonoides  Young  and  Bird  1828,  p.  271. 

Holotype.  WM  1276,  figured  by  Buckman  (1919,  pis.  132a,  b),  and  by  Arkell  (1942fl-3fl,  pp.  254-6, 
text-fig.  90). 


Subgenus  goliathites  Arkell  1943 

193.  Goliathiceras  {Goliathites)  eapa.x  (Young  and  Bird) 

Ammonites  capax  Young  and  Bird  1822,  p.  253. 

Holotvpe.  WM  1275,  figured  by  Buckman  (1922,  pi.  349)  and  by  Arkell  (1943fl,  pp.  259-61,  text-fig. 
92);  Mahon. 


Genus  cardioceras  Neumayr  and  Uhlig  1881 

194.  Cardioceras  chalcedonicum  (Young  and  Bird) 

Nautilus  chalcedonicus  Young  and  Bird  1828,  pp.  271-2. 

Holotype.  WM  1280,  figured  by  Buckman  (1922,  pis.  295b,  c).  For  discussion  see  Arkell  (1941n, 
p.  Ixxv;  1948,  p.  394). 

Type  species  of  Chalcpdoniceras  Buckman  1922,  now  considered  a synonym  of  Cardioceras. 

Subgenus  scarburgiceras  Buckman  1924 

195.  Cardioceras  (Scarburgieeras)  scarburgense  (Young  and  Bird) 

Ammonites  scarburgenis  Young  and  Bird  1828,  p.  265. 

Type.  WM  232,  from  the  Oxford  Clay  at  Scarborough,  was  figured  and  accepted  as  the  holotype  by 
Buckman  (1924,  pi.  508)  and  Arkell  (19396,  p.  156,  pi.  10,  fig.  1).  There  is  no  satisfactory  evidence  that 


EXPLANATION  OF  PLATE  19 

Figs.  \a,  b.  Macrocephalites  (Kamptokephalites)  terebratus  (Phillips).  Neotype  (?  Holotype),  BM 
39566,  Bean  Collection.  Cornbrash;  Scarborough. 

Figs.  2a,  b.  Simbirskites  spetonensis  ( Young  and  Bird).  Neotype,  BM  C34951,  Lamplugh  Collection. 
Speeton  Clay,  bed  C6;  Speeton. 

Figs.  3u,  b.  Simbirskites  venustus  (Phillips).  Holotype,  YM  419.  Speeton  Clay;  Speeton. 

Figs.  4u-^7.  Toxoceratoides  obliquatus  (YoungCLnd.'Q'xrd).  Holotype,  YM  423.  Speeton  Clay ; Speeton. 
Aa,  6,  X 1 . Ac,  d,  x 2. 

Figs.  5a,  b.  Distoloceras  hystrix  (Phillips).  Holotype,  YM  413.  Speeton  Clay;  Speeton. 

Figs.  6a,  b.  Simbirskites  concinnus  (Phillips).  Neotype,  BM  C4651,  Bean  Collection.  Speeton  Clay, 
Speeton. 

Figs,  la,  b.  Crioceratites  beani  (Young  and  Bird).  Holotype,  YM  422,  Bean  Collection.  Speeton 
Clay;  Speeton. 

Figs.  8u,  b.  Aegocrioceras  bicarinatum  (Young  and  Bird).  Neotype,  BM  89107,  Bean  Collection. 
Speeton  Clay;  Speeton. 

All  figures  natural  size,  except  figs.  4c,  d. 
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this  specimen  is  the  one  described  by  Young  and  Bird;  it  was  not  accepted  as  such  by  Simpson  who 
listed  the  specimen  as  'Am.  volutus.  spinatus  z.,  Hawsker’  in  his  Catalogue,  and  Young  and  Bird  said 
that  their  specimen  was  found  by  Mr.  Williamson.  The  Williamson  Collection  went  to  Scarborough 
Museum,  but  there  is  now  no  specimen  which  could  be  the  original  of  this  species  at  that  Museum 
and  none  was  listed  by  Arkell  (1945^,  p.  345).  It  is  unlikely  that  WM  232  is  the  holotype,  but  in  view 
of  the  nomenclatural  stability  required  for  this,  the  type  species  of  Scarbiirgiceras,  this  specimen  is 
now  designated  neotype. 


Subgenus  maltoniceras  Arkell  1941 

196.  Cardioceras  {Maltoniceras)  maltonense  (Young  and  Bird) 

Ammonites  maltonensis  Young  and  Bird  1822,  p.  252,  pi.  12,  fig.  10;  1828,  p.  268,  pi.  12,  fig.  13. 

Type.  The  holotype  was  WM  2472,  but  it  has  not  been  figured  since  Young  and  Bird,  and  it  is  now  lost. 
Arkell  (1941u,  pp.  231-3,  pi.  51,  fig.  1 ) interpreted  the  species  on  what  he  called  a ‘provisional  neotype’, 
a Wiltshire  specimen  which  he  designated  and  figured.  This  interpretation  was  correct,  but  an  authentic 
Yorkshire  specimen  should  be  designated  neotype  when  one  is  found. 

Type  species  of  Maltoniceras. 

Family  perisphinctidae  Steinmann  1890 

Genus  grossouvria  Siemiradzki  1898 

Subgenus  klematosphinctes  Buckman  1922 

197.  Grossouvria  {Klematosphinctes)  vernoni  (Young  and  Bird) 

Ammonites  vernoni  Young  and  Bird  1828,  pp.  264-5,  pi.  14,  fig.  5. 

Holotype.  YM,  but  not  listed  by  Melmore  (1947,  p.  234),  so  probably  now  lost;  figured  by  Buckman 
(1922,  pi.  333);  Oxford  Clay,  Scarborough. 

Type  species  of  Klematosphinctes. 

Genus  perisphinctes  Waagen  1869 

198.  Perisphinctes  instahilis  (Phillips) 

Ammonites  instahilis  Phillips  1829,  p.  135;  1835,  p.  107;  1875,  p.  265. 

The  holotype  is  lost,  and,  although  it  belonged  to  Perisphinctes  s.l.,  the  species  cannot  be  interpreted 
from  the  description  alone  (Arkell,  1938a,  p.  74;  1948a,  p.  395). 

Subgenus  arisphinctes  Buckman  1924 

199.  Perisphinctes  {Arisphinctes)  ingens  (Young  and  Bird) 

Ammonites  ingens  Young  and  Bird  1822,  p.  247,  pi.  12,  fig.  2;  1828,  p.  254,  pi.  12,  fig.  2. 

Tv/Jc.  The  holotype  is  lost,  for  the  specimen  WM  1 279  figured  by  Buckman  ( 1920,  pi.  1 84)  and  claimed 
as  the  holotype,  does  not  agree  with  Young  and  Bird’s  description  and  figure.  BM  82361  has  been 
designated  neotype  and  figured  by  Arkell  (1939a,  pp.  119-26,  pi.  23,  fig.  2). 

200.  Perisphinctes  {Arisphinctes)  ma.ximiis  (Young  and  Bird) 

Ammonites  ma.ximiis  Young  and  Bird  1828,  p.  255. 

Holotype.  WM  1281,  figured  by  Buckman  (1924,  pi.  512)  and  by  Arkell  (1939a,  pp.  1 12-18,  text-fig. 
34);  Middle  Calcareous  Grit,  Pickering. 
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201.  Perisphinctes  (Arisphinctes)  pickeringius  (Young  and  Bird) 

Ammonites  pickeringius  Young  and  Bird  1822,  p.  251,  pi.  12,  fig.  9;  1828,  p.  254,  pi.  12,  fig.  9. 

Holotype.  WM  1273,  figured  by  Buckman  (1923,  pi.  448)  and  by  Arkell  (1939n,  pp.  134-9,  pi.  26,  fig.  3); 
Middle  Calcareous  Grit,  Pickering. 

Type  species  of  Toxosphinctes  Buckman  1923,  which  is  probably  a synonym  of  Arisphinctes. 

Family  aspidoceratidae  Zittel  1895 
Genus  peltoceras  Waagen  1871 

202.  Peltoceras  athleta  (Phillips) 

Ammonites  athleta  Phillips  1829,  pp.  138,  141,  pi.  6,  fig.  19;  1835,  pp.  110,  113,  pi.  6,  fig.  19; 
1875,  p.  266,  pi.  6,  fig.  19. 

Type.  The  holotype  is  lost.  The  neotype  is  BM  89052,  from  the  Hackness  Rock,  Scarborough,  which 
was  figured  by  Spath  (1931o,  p.  561,  pi.  106,  fig.  3;  pi.  107,  fig.  5)  and  designated  neotype  and  refigured 
by  Arkell  (1933,  p.  610,  pi.  37,  fig.  7). 

Type  species  of  Peltoceras. 


Genus  peltoceratoides  Spath  1924 

203.  Peltoceratoides  intertextiis  (Simpson) 

Ammonites  intertextiis  Simpson  1855,  p.  50. 

Holotype.  WM  2415,  figured  by  Buckman  (1926,  pi.  662). 

204.  Peltoceratoides  williamsoni  (Phillips) 

Ammonites  williamsoni  Phillips  1829,  p.  131,  pi.  4,  fig.  19;  1835,  p.  102,  pi.  4,  fig.  19;  1875,  p.  265, 
pi.  4,  fig.  19. 

Holotype.  Scarborough  Museum,  Williamson  Collection,  figured  by  Spath  {\919b,  pp.  293-5,  text-fig.  1 ) 
and  Arkell  (1945a,  pp.  287-90,  pi.  64,  fig.  3;  pi.  67,  fig.  3);  Ayton,  probably  Hambleton  Oolite  Series. 

Genus  euaspidoceras  Spath  1931 

205.  Euaspidoceras  aciiticostatum  (Young  and  Bird) 

Ammonites  aciiticostatiis  Young  and  Bird  1822,  p.  248. 

Holotype.  WM  1286,  figured  by  Buckman  (1923,  pis.  438a,  b)  and  Arkell  (1945a,  p.  278,  text-fig.  95); 
the  locality  is  probably  Malton. 

206.  Euaspidoceras  silphouense  (Young  and  Bird) 

Ammonites  silphoiiensis  Young  and  Bird  1822,  p.  250,  pi.  12,  fig.  5. 

Holotype.  WM,  unnumbered  specimen,  figured  by  Buckman  (1823,  pi.  364b)  and  described  by  Arkell 
(1945a,  p.  287). 

Indeterminate  Upper  Jurassic  species 

207.  Ammonites  bifrons  Phillips  1829,  p.  141,  pi.  6,  fig.  18;  1835,  p.  113,  pi.  6,  fig.  18  {non 

Bruguiere  1789). 

208.  Ammonites  diversns  Phillips  1875,  pp.  266,  327,  pi.  6,  fig.  18  {non  Simpson  1843). 
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A.  diversus,  itself  preoccupied,  was  a substitute  name  for  the  preoccupied  A.  bifroiis.  The  holotype, 
probably  from  the  Hackness  Rock,  is  lost,  and  the  species  cannot  be  interpreted. 


CRETACEOUS  AMMONITE  SPECIES 
Family  ancyloceratidae  Meek  1876 
Genus  aegocrioceras  Spath  1924 

209.  Aegocrioceras  bicarinatum  (Young  and  Bird) 

Plate  19,  figs.  8o,  b 

Hamites  bicarinatus  Young  and  Bird  1828,  p.  278,  pi.  15,  fig.  10. 

Neotype.  BM  89107,  here  designated,  from  the  Speeton  Clay  at  Speeton.  This  specimen  is  from  Bean’s 
Collection  and  has  a register  entry  ^Hamites  intermedins',  presumably  from  Bean’s  label  which  has 
since  disintegrated.  However,  the  specimen  agrees  closely  with  Young  and  Bird’s  good  description 
and  with  what  can  be  seen  on  their  poor  figure,  and  it  seems  certain  that  this  is  the  species  they 
described.  The  holotype  was  also  in  Bean’s  collection  and  went  to  York  Museum,  but  it  is  now  lost. 

The  neotype  is  an  uncoiled,  wholly  septate  fragment  consisting  of  about  two-thirds  of  a whorl  with 
a maximum  diameter  of  29  mm.  The  whorl  shape  is  quadrate  with  rounded  sides.  There  are  25  ribs  on 
the  specimen  indicating  35-38  per  whorl;  each  is  radial,  straight,  and  continuous  across  the  flattened 
venter,  and  there  is  a small  tubercle  at  the  ventro-lateral  angle.  The  flat  dorsum  is  crossed  only  by 
striae. 

According  to  Spath  (19246,  pp.  76-77)  species  of  this  form  occur  at  about  the  middle  of  the  Hauteri- 
vian,  and  his  record  of  'A.  intermedium  (Bean  MS.,  non  Phillips)’  in  bed  Cl  or  C lower  to  middle,  may 
refer  to  the  present  neotype. 

210.  Aegocrioceras?  raricostatum  (Phillips) 

Hamites  raricostatiis  Phillips  1829,  p.  123,  pi.  1,  fig.  23;  1835,  p.  95,  pi.  1,  fig.  23;  1875,  p.  264, 
pi.  1,  fig.  23. 

The  holotype,  originally  in  the  Williamson  Collection  at  Scarborough  Museum,  is  now  lost,  and  the 
species  cannot  be  interpreted. 


Genus  crioceratites  Leveille  1837 

211.  Crioceratites  beam  (Young  and  Bird) 

Plate  19,  figs,  la,  b 

Hamites  beani  Young  and  Bird  1828,  p.  278,  pi.  15,  fig.  9. 

Hamites  beani  Young  and  Bird,  Phillips  1829,  p.  124,  pi.  1,  fig.  28;  1835,  p.  95,  pi.  1,  fig.  28; 

1875,  p.  264,  pi.  1,  fig.  28. 

Paracrioceras  statheri  Spath  19246,  p.  77. 

Holotype.  YM  tablet  422;  Speeton  Clay,  Speeton.  Young  and  Bird’s  and  Phillips’s  drawings  are  taken 
from  the  same  specimen.  A comparison  of  the  drawings  shows  that  this  is  likely,  but  in  addition  it 
was  stated  in  both  works  (Young  and  Bird  1828,  p.  278;  Phillips  1835,  p.  178)  that  the  figured  specimen 
was  in  Bean’s  collection,  and  it  is  known  that  all  the  specimens  in  that  collection  figured  by  Young  and 
Bird  and  Phillips  went  to  York  Museum  (Melmore  1946,  p.  208).  Paracrioceras  statheri  Spath,  a new 
name  for  H.  beani  Phillips,  non  Young  and  Bird,  is  therefore  an  objective  synonym. 

The  holotype  is  an  uncoiled,  wholly  septate  fragment,  with  a maximum  dimension  of  24-5  mm.  It 
consists  of  about  one-third  of  a whorl,  and  has  eight  ribs  with  tubercles,  with  two  to  five  fine  non- 
tuberculate  ribs  between  each.  The  larger  ribs  have  paired  ventral,  median  lateral  and  umbilical 
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tubercles,  which  are  all  small.  The  dorsum  and  venter  are  smooth  and  are  not  crossed  by  ribs.  Accord- 
ing to  Spath  (1924^,  p.  77)  this  species  occurs  in  beds  Cl  to  Cl  and  in  the  base  of  bed  B at  Speeton, 
i.e.  the  Upper  Hauterivian,  and  possibly  the  top  of  the  Lower  Hauterivian. 


Genus  hoplocrioceras  Spath  1924 

212.  Hoplocrioceras  phillipsi  (Phillips) 

Plate  18,  figs.  2a,  b 

Hamites phillipsi  Phillips  1829,  p.  124,  pi.  1,  fig.  30;  1835,  p.  95,  pi.  1,  fig.  30;  1884,  p.  264,  pi.  1, 
fig.  30. 

Holotype.  YM  tablet  424,  bearing  both  Bean's  and  Phillips’s  labels  and  a later  one;  Speeton  Clay, 
Speeton. 

The  holotype  consists  of  1 J coiled  whorls  and  a length  of  slightly  curved  uncoiled  body  chamber. 
The  inner  whorls  are  missing.  The  maximum  diameter  of  the  coiled  part  is  46  mm.  Septation  ceases 
about  5 mm.  before  the  whorls  uncoil  and  the  length  of  the  body  chamber  is  44  mm.  The  last  suture- 
lines are  not  clearly  approximated  and  there  is  no  evidence  of  a modified  mouth  border,  so  the 
specimen  is  probably  immature.  Both  the  coiled  whorls  and  the  body  chamber  have  an  elliptical  cross- 
section.  The  ribs  are  straight  and  single,  with  a few  intercalated  ones  which  do  not  reach  the  umbilical 
edge.  There  are  no  tubercles  on  any  part  of  the  whorls,  though  on  the  body  chamber  the  ribs  tend  to 
be  slightly  raised  at  the  umbilical  edge.  This  specimen  is  the  holotype  of  the  type  species  of  Hoplocrio- 
ceras Spath  1924.  According  to  Spath  (19246,  p.  78)  forms  related  to  this  species  occur  in  beds  Cl  and 
B up  to  the  top  of  the  Cement  Beds,  i.e.  Upper  Hauterivian  and  Barremian. 


Genus  toxoceratoides  Spath  1924 

213.  Toxoceratoides  obliquatus  (Young  and  Bird) 

Plate  19,  figs.  4a-d 

Hamites  obliquatus  Young  and  Bird  1828,  p.  278,  pi.  15,  fig.  11. 

Holotype.  YM  tablet  423;  Speeton  Clay,  Speeton. 

The  holotype  is  a wholly  septate,  slightly  curved  fragment  15  mm.  long,  with  a circular  cross-section, 
3-2  mm.  diameter  at  the  smaller  end,  5-0  mm.  at  the  larger  end.  There  is  a narrow  smooth  band  on  the 
dorsum;  commencing  at  the  side  of  this  are  simple  ribs,  inclined  forwards  on  the  side  of  the  shell  and 
passing  without  a break  across  the  venter.  At  the  ventro-lateral  edge  small  tubercles  surmount  the 
ribs;  these  vary  in  size  and  tend  to  be  developed  only  on  alternate  ribs.  In  a few  cases  two  ribs  on  the 
side  of  the  whorl  unite  at  a tubercle. 

The  species  belongs  to  the  genus  Toxoceratoides  which  has  recently  been  discussed  in  detail  by 
Casey  (1961,  pp.  77-82).  Spath  (19246,  p.  78)  recorded  it  from  the  upper  part  of  bed  B at  Speeton,  i.e. 
the  Lower  Aptian. 


Family  olcostephanidae  Haug  1910 
Genus  simbirskites  Pavlow  1892 

214.  Simbirskites  eonciunus  (Phillips) 

Plate  19,  figs.  6a,  6 

Ammonites  conciimus  Phillips  1829,  p.  123,  pi.  2,  fig.  47;  1835,  p.  94,  pi.  2,  fig.  47;  1875,  p.  264, 
pi.  2,  fig.  47. 

Olcosteplianus  (Simbirskites)  concitmus  (Phillips),  Pavlow  and  Lamplugh  1892,  p.  501,  pi.  18, 
fig.  16. 
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Type.  Phillips’s  figured  holotype  was  in  York  Museum  (Phillips  1835,  p.  179;  Platnauer  1891,  p.  78), 
but  by  1946  it  had  decomposed  (Melmore  1947,  p.  235).  The  neotype,  here  designated,  is  BM  C4651, 
from  the  Speeton  Clay  at  Speeton,  figured  by  Pavlow  and  Lamplugh  (1892,  pi.  18,  fig.  16)  and  refigured 
here.  This  specimen  is  from  Bean’s  collection,  and  has  his  original  label  ''Ammonites  knaptonensis' . It 
does  not,  however,  agree  in  any  way  with  Young  and  Bird’s  (1828,  p.  272)  description  of  that  species. 
Dimensions  of  neotype:  maximum  diameter  28  mm.;  26-8  mm.:  1 T6,  9 9,  8 0;  18  primary  ribs  and 
about  46  secondary  ribs. 

The  neotype  agrees  closely  in  size,  whorl  proportions,  and  style  and  density  of  ribbing  with  Phillips’s 
figure.  It  is  wholly  septate,  with  primary  ribs  bifurcating  or  trifurcating  at  a small  tubercle  in  the  middle 
of  the  side  of  the  whorl.  The  secondary  ribs  are  projected  slightly  forwards  on  the  venter.  Pavlow  and 
Lamplugh  (1892,  p.  502)  said  that  this  species  is  found  in  bed  C6  at  Speeton,  at  about  the  middle  of 
the  Hauterivian. 

215.  Simbirskites  spetonensis  (Young  and  Bird) 

Plate  19,  figs.  2a,  b 

Ammonites  spetonensis  [s'/C]  Young  and  Bird  1828,  p.  265,  pi.  12,  fig.  5. 

Neotype.  BM  C3495I,  from  bed  C6,  Speeton  Clay,  Speeton,  here  designated  and  figured,  and  figured 
previously  by  Pavlow  and  Lamplugh  (1892,  p.  500,  pi.  18,  fig.  7).  Dimensions:  maximum  diameter 
34  mm.;  32-3  mm. : 14-6,  1 1-2,  81.  The  holotype  was  in  the  Bean  Collection  and  went  to  York  Museum, 
but  it  is  now  lost  or  decomposed. 

The  neotype  is  a close  match  for  the  specimen  described  and  figured  by  Young  and  Bird.  It  is  wholly 
septate  and  has  fairly  compressed  whorls  which  are  thickest  near  the  rounded  umbilical  edge.  The 
primary  ribs  are  sharp  and  curve  gently  forwards  from  the  umbilical  edge;  about  a third  of  the  way 
across  the  whorl  they  split  into  three  or  four  secondaries  and  at  the  point  of  splitting  there  is  a small 
sharp  tubercle.  In  some  places  the  fourth  secondary  is  intercalated  and  does  not  spring  directly  from 
the  tubercle.  The  secondaries  curve  forwards  in  crossing  the  evenly  rounded  venter.  There  are  eighteen 
primary  and  sixty-three  secondary  ribs  on  the  last  whorl  at  34  mm.  diameter.  This  species  differs  from 
S.  concinnus  (Phillips)  in  being  more  compressed,  rather  more  involute,  and  having  more  and  finer 
secondary  ribs.  S.  veniistns  (Phillips)  is  a synonym.  The  species  occurs  in  bed  C6,  about  the  middle  of 
the  Hauterivian. 


216.  Simbirskites  venustus  (Phillips) 

Plate  19,  figs.  3a,  b 

Ammonites  venustus  Phillips  1829,  p.  123;  pi.  2,  fig.  48;  1835,  p.  94,  pi.  2,  fig.  48;  1875,  p.  264, 
pi.  2,  fig.  48. 

Holotype.  YM  tablet  419,  from  the  Speeton  Clay  at  Speeton.  Dimensions;  23-2  mm.:  10-3,  7-8,  5-7. 

The  holotype  is  wholly  septate  and  well  preserved.  At  similar  sizes  it  compares  very  closely  with  the 
neotype  of  S.  spetonensis  (Young  and  Bird)  and  Phillips’s  species  is  clearly  a synonym.  On  the  last 
whorl  at  23  mm.  diameter  there  are  twenty-one  primary  ribs  and  sixty-two  secondary  ribs.  The  transi- 
tion is  seen  from  rib  trifurcation  with  occasional  bifurcation  at  the  beginning  of  the  last  whorl,  through 
trifurcation  alone  for  the  next  half  whorl,  to  trifurcation  with  an  occasional  fourth  secondary  rib 
intercalated  near  the  aperture  on  the  last  whorl.  The  horizon  is  the  same  as  that  of  S.  spetonensis. 

Family  berriasellidae  Spath  1922 
Genus  distoloceras  Hyatt  1900 

217.  Distoloceras  curvinodum  (Phillips) 

Ammonites  curvinodus  Phillips  1829,  p.  123,  pi.  2,  fig.  50;  1835,  p.  95,  pi.  2,  fig.  50;  1875, 
p.  264,  pi.  2,  fig.  50. 

The  holotype  is  lost,  and  a satisfactory  neotype  is  not  available.  The  species  was  probably  correctly 
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interpreted  by  Neumayr  and  Uhlig  (1881,  p.  174,  pi.  43,  fig.  3;  pi.  44,  fig.  2;  non  pi.  42,  fig.  2)  and  von 
Koenen  (1902,  p.  189,  pi.  13,  fig.  7). 

218.  Distoloceras  hystrix  (Phillips) 

Plate  19,  figs.  5a,  b 

Ammonites  hystrix  Phillips  1829,  p.  123,  pi.  2,  fig.  44;  1835,  p.  95,  pi.  2,  fig.  44;  1875,  p.  264, 
pi.  2,  fig.  44. 

Holotvpe.  YM  tablet  413,  from  the  Speeton  Clay  at  Speeton.  Dimensions:  maximum  diameter  68  mm.; 
at  53  mm.:  20-6,  17-2,  18-5. 

The  holotype  has  one-third  of  a whorl  of  body  chamber,  and  its  last  suture-line  is  at  49  mm.  diameter. 
It  does  not  show  any  adult  characters.  At  53  mm.  diameter  the  outer  whorl  begins  to  uncoil;  at  the 
aperture  there  is  a gap  of  2 mm.  between  the  dorsum  of  the  outer  whorl  and  the  venter  of  the  pre- 
ceding whorl,  and  this  gap  is  crossed  by  the  paired  ventral  spines  of  the  inside  whorl  which  touch  the 
dorsum  of  the  body  chamber.  The  whorl  section  is  roughly  circular.  Long  umbilical,  ventro-lateral, 
and  paired  ventral  spines  are  developed  on  the  primary  ribs,  commencing  at  12-15  mm.  diameter.  The 
ribs  are  straight  up  to  the  ventro-lateral  spines  and  are  projected  well  forwards  on  the  venter.  All  the 
primary  ribs  bear  spines.  Commencing  at  about  35  mm.  diameter,  much  smaller  non-tuberculate 
secondary  ribs  are  intercalated  between  most  primary  ribs.  There  are  seventeen  primary  ribs  on  the 
last  whorl  at  68  mm.  diameter.  This  specimen  is  the  holotype  of  the  type  species  of  Distoloceras  Hyatt 
1900.  According  to  Spath  (19246,  pp.  75-76)  D.  hystrix  is  found  in  bed  Dl,  and  there  are  several  closely 
related  species  in  D2;  both  beds  are  at  the  base  of  the  Hauterivian. 

Family  holcodiscidae  Spath  1924 
Genus  spitidiscus  Kilian  1910 

219.  Spitidiscus  yoimgi  (Young  and  Bird) 

Ammonites  yotiJigi  Young  and  Bird  1828,  pp.  256-7,  pi.  12,  fig.  6. 

The  holotype  from  the  Speeton  Clay  is  lost,  but  it  was  almost  certainly  a specimen  of  S.  rotula 
(J.  de  C.  Sowerby  1827).  The  latter  name  has  been  widely  used  since  its  proposal,  and  should  not 
be  replaced  by  the  ill-defined  S.  yoimgi. 

Family  deshayesitidae  Stoyanow  1949 
Genus  deshayesites  Kazansky  1914 

220.  Deshayesites  fissicostatus  (Phillips) 

Ammonites  fissicostatus  Phillips  1829,  p.  123,  pi.  2,  fig.  49;  1835,  p.  95,  pi.  2,  fig.  49;  1875, 
p.  264,  pi.  2,  fig.  49. 

The  holotype  was  in  the  Williamson  Collection  (Phillips  1835,  p.  179),  later  transferred  to  Scar- 
borough Museum,  but  it  is  now  lost.  Spath  (19246,  p.  78)  referred  the  species  to  Deshayesites  and  said 
it  came  from  the  upper  part  of  bed  B at  Speeton. 

ludeterminate  Cretaceous  species 

221.  Ammonites  knaptonensis  Young  and  Bird  1828,  p.  272. 

222.  Ammonites  marginatiis  Phillips  1829,  p.  123,  pi.  2,  fig.  41 ; 1835,  p.  95,  pi.  2,  fig.  41 ; 1875, 
p.  264,  pi.  2,  fig.  41 . 

223.  Ammonites  nucleus  Phillips  1829,  p.  174,  pi.  2,  fig.  43;  1835,  p.  167,  pi.  2,  fig.  43;  1875, 
p.  264,  pi.  2,  fig.  43. 

224.  Ammonites  trisulcosus  Phillips  1829,  p.  123;  1835,  p.  94;  1875,  p.  64. 

225.  Crioceras  wiUiamsoni  Phillips  1875,  p.  263. 
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The  holotypes  of  nos.  221  to  224  were  from  the  Speeton  Clay  at  Speeton,  but  all  are  now  lost;  those 
of  nos.  222  and  223  were  originally  at  York  Museum  (Melmore  1947,  p.  235).  Crioceras  williamsoni 
was  a large  Upper  Cretaceous  species  from  the  Chalk  of  Danes’  Dyke;  the  holotype  was  in  the  William- 
son Museum,  but  it  is  now  lost  and  the  species  is  not  interpretable  from  the  description  alone. 


NOTE  ON  NOMENCLATURE 

In  a few  cases  Young  and  Bird  stated  that  the  species  for  which  they  were  proposing 
a new  specific  name  had  been  named  previously  by  Sowerby,  and  it  must  now  be  con- 
sidered whether  it  can  be  established  under  the  Rules  of  Nomenclature  that  Young  and 
Bird’s  specific  name  is  in  each  case  an  objective  synonym  of  Sowerby’s  specific  name. 
These  cases  are  covered  by  Article  72  (d)  of  the  Rules  (International  Code  of  zoological 
nomenclature.  lut.  Comm.  Zool.  Nomen.,  London  1961,  p.  75),  which  reads;  Tf  an 
author  proposes  a new  specific  name  expressly  as  a replacement  for  a prior  name,  but 
at  the  same  time  applies  it  to  particular  specimens,  the  type  of  the  replacement  nominal 
species  must  be  that  of  the  prior  nominal  species,  despite  any  contrary  designation  of 
type-specimen  or  different  taxonomic  usage  of  the  replacement  name.’  In  this  rule  the 
phrase  ‘expressly  as  a replacement  for  a prior  name’  means  ‘definitely  stated,  not  merely 
implied,  to  be  a replacement  for  a prior  name,’  and  it  is  on  this  point  that  Young  and 
Bird’s  species  have  to  be  examined.  There  are  five  cases  and  the  following  are  the  relevant 
extracts  from  Young  and  Bird’s  original  descriptions. 

1.  Pliylloceras  whitbiense.  ‘No.  1,  PI.  XIII,  which  we  have  named  TV.  Whitbieusis,  is  the  most 
common  of  our  nautilites. . . . The  siphuncle  runs  along  the  back,  in  which  respect  it  resembles 
the  ammonite  family,  and  Sowerby  has  figured  it  under  the  name  A.  Iieterophvllus,  Tab.  266.’ 
(1828,  pp.  270-1.) 

2.  Lytoceras  connicopia.  ‘From  its  great  resemblance  to  a spiral  horn,  we  have  named  this 
shell  A.  connicopia.  Sowerby  has  figured  a fragment  of  it,  under  the  name  A.  finibriatiis. 
Tab.  164.’  (1828,  p.  256.) 

3.  Schlotheimia  redcarensis.  ‘The  a.  Biicklaiuli  of  Sowerby,  Tab.  130,  seems  to  be  a cast  of  this 
species.  We  would  prefer  naming  it  a.  Redcarensis.'  (1822,  p.  248.)  ‘This  appears  to  be  a 
smaller  species  than  a.  Biicklandi,  which  is  also  found  in  the  lowest  shale,  both  at  Redcar 
and  Robin  Hood’s  Bay.’  (1822,  p.  327,  footnote  to  plate  explanation,  where  the  figure  is 
called  Ammonites  Redcarensis.) 

4.  Promicroceras  aiirenm.  ‘As  it  is  generally  found  in  a pyritous  state,  shining  like  gold,  we 
might  call  it  a.  aureiis\  but  it  seems  to  be  the  same  with  a.  planicosta  of  Sowerby,  Tab.  73.’ 
(1822,  p.  248.) 

5.  Hildoceras  liildense.  ‘It  is  the  a.  Wakotii  of  Sowerby,  Tab.  106.  We  would  rather  name  it 
a.  Hildensis,  in  honour  of  our  Lady  Hilda.’  (1822,  p.  247.) 

In  the  descriptions  of  Ammonites  whitbiensis  and  A.  cornucopia  the  references  to  the 
Sowerby  species  are  very  similar.  In  neither  case  is  it  definitely  stated  that  the  new 
specific  names  are  substitutes  for  those  of  Sowerby,  and  therefore  it  cannot  be  held  that 
Young  and  Bird’s  specific  names  are  objective  synonyms  of  Sowerby’s  names.  The 
phrase  ‘we  would  prefer  naming  it’  in  the  description  of  Ammonites  redcarensis  is  a 
definite  statement  that  Sowerby’s  species  is  being  renamed,  but  in  the  previous  sentence 
it  is  stated  that  the  specimen  figured  by  Sowerby  only  ‘seems  to  be’  a cast  of  this  species, 
and  later,  in  a footnote,  the  two  species  arc  clearly  stated  to  be  different.  Again,  in 
Ammonites  aureus,  Sowerby’s  species  only  ‘seems  to  be’  the  same,  and  Young  and 
Bird’s  specific  names  cannot,  therefore,  be  considered  objective  synonyms  of  Sowerby’s 
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species.  In  the  description  of  Ammonites  hildensis  the  phrase  ‘we  would  rather  name  it’ 
is  a definite  statement  of  renaming,  and  it  is  not  qualified  anywhere  else  in  the  descrip- 
tion. In  this  case  alone  objective  synonymy  must  be  considered  established  under  the 
Rules  of  Nomenclature,  and  the  type  specimen  of  Ammonites  hildensis  Young  and  Bird 
is  the  type  specimen  of  HUdoceras  walcoti  (J.  Sowerby  1815,  Min.  Conch.,  vol.  2,  p.  7, 
pi.  106).  Sowerby  figured  two  syntypes  of  H.  walcoti,  the  upper  figure  of  his  plate  106 
being  a complete  Whitby  specimen  and  the  lower  figure  a sectioned  specimen  from  Bath. 
Both  syntypes  are  lost,  but  a good  Whitby  topotype  was  figured  by  Buckman  (1928, 
pi.  773),  which,  though  larger,  is  a close  match  for  Sowerby’s  figure,  and  this  specimen 
(GSM  49347)  is  here  designated  neotype. 

ALPHABETICAL  LIST  OF  SPECIES 


aculeatum,  Apoderocems,  11. 
acuticarinatum,  Arnioceras,  36. 
aciiticostatum,  Euaspidocems,  205. 
aeqaale,  Saxocenis,  24. 
aliaeimm,  ? O.xynoticems,  45. 
altematiis,  Harpoceratoides,  158. 
ambigiium,  Tragophyllocems,  11. 
ammonoides,  Goliathiceras,  192. 
andersoni,  Dactylioceras,  118. 
andraei,  Peronoceras,  132. 
anguifonne,  Eoderoceras,  65. 
angidifenim,  ? Oistoceras,  99. 
annulare,  Cenoceras,  1 . 
annulifemrn,  Dactylioceras,  119. 
antiquatum,  ? Boucaidticeras,  27, 
arcigerens,  Androgynoceras,  96. 
arctus,  ? Cymhites,  43. 
armiger,  ? Eoderoceras,  66. 
astacoides,  Cenoceras,  4. 
athleta,  Peltoceras,  202. 
athieticiim,  Dactylioceras,  120. 
attennatum,  Peronoceras,  133. 
aureohim,  Echioceras,  57. 
atireum  Simpson,  Platypleuro- 
ceras,  88. 

aureiim  Young  and  Bird,  Promi- 
croceras,  63. 

bait  eat  tan,  Tracliylytoceras,  16. 
beani,  Crioceratites,  211. 
beani,  Haugia,  175. 
belcheri,  Caloceras,  22. 
bicarinatum,  Aegocrioceras,  209. 
bifrons.  Ammonites,  207. 
birdi,  Pleuroceras,  112. 
bispicatus.  Ammonites,  178. 
boulbiense,  PseudoUoceras,  161. 
biicki,  Oxynoticeras,  46. 
capax,  Goliathiceras,  193. 
cereum,  Echioceras,  58. 
clialcedoniciim,  Cardioceras,  194, 


clevelandiciis,  Amaltheus,  102. 
compactile,  PseudoUoceras,  162. 
complanatus.  Ammonites,  179. 
complanosum,  Metoxynoticeras, 
53. 

concinnus,  Simbirskites,  214. 
conjunctivum,  Amauroceras,  109. 
convolutum,  Caloceras,  23. 
cornucopia,  Lytoceras,  15. 
cornutum,  P/iricodoceras,  12. 
crassescens,  Nodicoeloceras,  140. 
crassibundum,  Dactylioceras,  121. 
crassifactum,  Dactylioceras,  122. 
crassiusculosum,  Dactylioceras, 
123. 

crassiuscitliim,  Dactylioceras,  124. 
crassoides,  Nodicoeloceras,  141. 
crassulosum,  Dactylioceras,  125. 
crassulum,  Dactylioceras,  126. 
crassum,  Catacoeloceras,  144. 
crenulare,  Quenstedtoceras,  189. 
crosbeyi,  Catacoeloceras,  145. 
curvinodum,  Distoloceras,2\l . 
decussatum,  Apoderoceras,  78. 
defossum,  Defossiceras,  35. 
dejection,  ? Oxynoticeras,  47. 
delicatum,  Dactylioceras,  127. 
dennyi,  ? Cymbites,  44. 
denotatus,  Eparietites,  40. 
depressus,  Amaltheus,  103. 
diversus  Phillips,  Ammonites,  208. 
diversion  Simpson,  Eoderoceras, 
67. 

easingtonense,  Phylloceras,  8. 
elaboration,  Pleuroceras,  113. 
elegantulion,  Eleganticeras,  154. 
errata,  Monestieria,  168. 
erugatum,  Psiloceras,  21. 
exaratum,  Harpoceras,  150. 
exasciatus,  ? Amaltheus,  104. 


exortum,  Echioceras,  59. 
fabale,  Phymatoceras,  173. 
fabrication,  Calliphylloceras,  10. 
fasciatum,  Tracliylytoceras,  17. 
fernigineum,  Amauroceras,  110. 
figiilinitm,  Oistoceras,  100. 
fissicostatus,  Deshayesites,  220. 
flavion,  Oxynoticeras,  48. 
flexicostatum,  Quenstedtoceras, 
191. 

fonticiilus,  Nodicoeloceras,  142. 
foveation,  Catacoeloceras,  146. 
funifera,  Chamoussetia,  188. 
gagateiim,  Gagaticeras,  55. 
gemmation,  Kosmoceras,  186. 
geonietriciim,  Arieticeras,  148. 
gracile,  Dactylioceras,  128. 
giibernator,  Pachylytoceras,  19. 
hamiltoni,  Apoderoceras,  19. 
hastatiim,  Apoderoceras,  80. 
hawskerense,  Pleuroceras,  1 14. 
heptangiilare,  Liparoceras,  94. 
heterogenes,  Androgynoceras,  91. 
heterogeneiim,  Cenoceras,  2. 
hildense,  HUdoceras,  169. 
hiintoni,  Tragophylloceras,  12. 
hystrix,  Distoloceras,  218. 
ignota,  Uptonia,  91. 
illation,  Agassiceras,  31 . 
impendens,  Eparietites,  41 . 
incrassatiim,  Nodicoeloceras,  143. 
ingens,  Perisphinctes,  199. 
instabilis,  Perisphinctes,  198. 
integricostatiim,  Bifericeras,  61. 
intertextus,  Peltoceratoides,  203. 
involutiis.  Ammonites,  180. 
knaptonensis.  Ammonites,  221. 
labratus.  Ammonites,  181. 
latescens,  Pseiidogrammoceras, 
172. 
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lectiim,  ? Pseudolioceras,  163. 
lens,  Glevicems,  52. 
lenticnlare  Young  and  Bird, 
Ainanrocems,  111. 
lenticitlaris,  Phillips,  Chamousse- 
tia,  189. 

leptophvUum,  Pseudolioceras,  164. 
levisoni,  Hildaites,  170. 

Umatuni,  ? Oxynoticeras,  49. 
luridum,  Beaniceras,  95. 
lydiense,  Pseudolioceras,  165. 
macidatuni,  Androgynoceras,  98. 
mahonense,  Cardioceras,  196. 
maltonensis.  Nautilus,  1. 
mamillatum,  Hyperderoceras,  70. 
marginatus.  Ammonites,  222. 
marshallani,  Apoderoceras,8\. 
maximus,  Perisphinctes,  200. 
miles,  Eoderoceras,  68. 
mulgravium,  Harpoceras,  151. 
multanfractum,  Vermiceras,  30. 
midtifoliatum,  Harpoceras,  152. 
mutatum,  Apoderoceras,  82. 
nanum,  ? Tragophylloceras,  13. 
nativum,  Hyperderoceras,  1 1 . 
neglectum,  Gagaticeras,  56. 
nitescens,  Arieticeras,  149. 
nitidum,  Trachylytoceras,  18. 
nodidosus,  Amaltlieus,  105. 
nucleus,  Animonites,  223. 
obliquata,  Haugia,  176. 
obliquatus,  Toxoceratoides,  213. 
obsoleta,  Uptonia,  92. 
oculatum,  Taramelliceras,  184. 
omissum,  Oistoceras,  101. 
ovatulum.  Elegant iceras,  155. 
ovatiim,  Ovaticeras,  1 59. 
owenense,  Eoderoceras,  69. 
perarmatum,  Peronoceras,  1 34. 


peregrinum,  ? Pachylytoceras,  20. 
personation,  Agassiceras,  32. 
petricosus.  Ammonites,  182. 
phi ! I ipsi,  Haugia,  177. 
phillipsi,  Hoplocrioceras,  212. 
pickeringius,  Perisphinctes,  201 . 
pingue,  Whitby  iceras,  160. 
polyophyllum,  Oxynoticeras,  50. 
puteolum,  Catacoeloceras,  147. 
quadricornutum,  Phricodoceras,  13. 
radiatus,  Arietites,  28. 
raricostatum,  ? A egocrioceras,  210. 
redcarensis,  Schlotheimia,  25. 
regulare,  Pleiiroceras,  115. 
resupinatiim,  Euagassiceras,  33. 
retention,  Retenticeras,  54. 
reticularis,  Amaltheiis,  106. 
reticularis.  Nautilus,  5. 
retusum,  Coeloderoceras,  74. 
ripleyi,  Platypleuroceras,  89. 
robinsoni,  Tragophylloceras,  14. 
rowlstonense,  Kosmoceras,  1 87. 
rude,  Phymatoceras,  174. 
rugatidum.  Elegant  iceras,  156. 
rutilans,  Polymorphites,  86. 
scarbiirgense,  Cardioceras,  195. 
scoresbyi,  Xipheroceras,  60. 
semiarmatiim,  Peronoceras,  135. 
semicelatiim,  Dactylioceras,  129. 
seniicostatum,  Arnioceras,  37. 
sigmifer,  Harpoceras,  153. 
silphoiiense,  Euaspidoceras,  206. 
simile,  Eleganticeras,  1 57. 
simplex,  Pseudolioceras,  166. 
simpsoni,  Oxynoticeras,  5 1 . 
siniiatiim,  Apoderoceras,  83. 
siphiinculare,  ? Promicroceras,  64. 
sociale,  ? Coeloderoceras,  75. 
solare,  Pleiiroceras,  116. 


solitarium,  Pleiiroceras,  1 17. 
spetonensis,  Simbirskites,  215. 
spicatiim,  Apoderoceras,  84. 
subarmatum,  Peronoceras,  136. 
subcarinata,  Frechiella,  171. 
subconcavum,  ? Pseudolioceras, 
167. 

siibnodosus,  Amaltlieus,  107. 
subtriangulare,  Apoderoceras,  85. 
sulcata,  Schlotheimia,  26. 
tene  lilts,  Eparietites,  42. 
tenuicostatiim,  Dactylioceras,  130. 
teniiispina,  Platypleuroceras,  90. 
terebratus,  Macroceplialites,  185. 
transformatiim,  Euagassice ras . 
trisulcosus.  Ammonites,  224. 
trivialis,  Polymorphites,  87. 
tubeUum,  ? Gemmellaroceras,  93. 
turriciilatiim,  Peronoceras,  1 37. 
undulatum,  Cenoceras,  3. 
validanfractum,  Coroniceras,  29. 
validiim,  Coeloderoceras,  76. 
veniistiis,  Simbirskites,  216. 
vermis,  Dactylioceras,  131. 
vernoni,  Grossouvria,  197. 
vetustum,  Arnioceras,  38. 
vitreum,  Bifericeras,  62. 
vittatns,  Amaltlieus,  108. 
volutus.  Ammonites,  183. 
vortex,  Porpoceras,  138. 
vorticellum,  Porpoceras,  139. 
whitbiense,  Phylloceras,  9. 
wiUiamsoni,  Crioceras,  225. 
williamsoni,  Peltoceratoides,  204. 
youngi.  Nautilus,  6. 
youngi  Simpson,  Arnioceras,  39. 
youngi  Young  and  Bird,  Spiti- 
discus,  219. 
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PAGEA  STURROCKI  GEN.  ET  SP.  NOV.,  A 
NEW  EURYPTERID  FROM  THE  OLD  RED 
SANDSTONE  OF  SCOTLAND 

by  C.  D.  WATERSTON 


Abstract.  Pagea  sturrocki  gen.  et  sp.  nov.,  a new  stylonurid  eurypterid  from  the  Lower  Old  Red  Sandstone  of 
Angus,  is  described.  The  genus  is  characterized  by  the  possession  of  ctenopterid-type  prosomal  appendages,  but 
other  features  of  the  prosoma  resemble  those  of  Stylomu  iis  s.s.  The  affinities  of  the  new  genus  are  fully  discussed 
and  its  anatomy  compared  with  that  of  other  stylonurid  genera.  Finer  characters  of  the  anatomy  of  the  prosoma 
and  prosomal  appendages  of  Scottish  type  material  of  Styloniiriis  s.s.  and  Ctenopterus  are  described  for  the  first 
time. 

Among  a collection  of  Old  Red  Sandstone  fossils,  generously  presented  to  the  Royal 
Scottish  Museum  by  the  Dundee  Naturalists’  Society,  there  is  a magnificent  stylonurid 
eurypterid,  in  a remarkably  good  state  of  preservation,  which  is  the  subject  of  the  present 
paper.  Unfortunately  the  circumstances  under  which  this  specimen  was  acquired  by  the 
Dundee  Naturalists’  Society  are  not  known  and  so  its  provenance  is  incomplete.  It  is 
clear,  however,  that  the  large  flagstone  block,  in  which  the  specimen  is  preserved,  was 
derived  from  the  Lower  Old  Red  Sandstone  of  Angus,  and  the  lithology  and  mode  of 
preservation  would  suggest  that  it  comes  from  one  of  the  quarries  in  the  Carmyllie 
Group  (Hickling  1908).  Before  reaching  the  museum  the  specimen  had  been  rather  in- 
advisedly ‘developed’  as  a result  of  which  details  of  parts  of  the  prosoma  and  prosomal 
appendages  have  been  lost.  It  is  probable  that  the  left  extremities  of  the  body  segments, 
together  with  most  of  the  fifth  and  sixth  prosomal  appendages  of  the  left  side,  were  lost 
with  the  counterpart  which  has  not  been  traced.  With  these  exceptions,  however,  the 
specimen  presents  us  with  one  of  the  most  complete  and  one  of  the  largest  members  of 
the  Stylonuridae,  and  a notable  addition  to  the  fauna  of  the  Scottish  Old  Red  Sandstone. 

Many  years  have  passed  since  the  classic  descriptions  of  Scottish  stylonurid  material 
were  made  by  David  Page  (1856a,  b,  1859),  Henry  Woodward  (1864,  1865a,  b,  1866-78), 
and  Malcolm  Laurie  (1892,  1893,  1899).  Occasion  is  taken  in  the  present  paper,  there- 
fore, to  redescribe  and  refigure  certain  details  of  the  anatomy  of  Stylomirus  s.s.  and 
Ctenopterus  made  possible  by  a re-examination  of  the  type  material  in  the  light  of  more 
recent  work  by  European  and  American  authors.  This  was  a necessary  study  before 
aflinities  of  the  new  genus  could  be  properly  determined. 

The  writer  is  indebted  to  the  Carnegie  Trust  for  the  Scottish  Universities  for  a grant  towards  the 
cost  of  publication. 


SYSTEMATIC  DESCRIPTION 
Genus  Pagea  nov. 

Diagnosis.  Large  stylonurid  eurypterid.  Third  and  fourth  prosomal  appendages  bearing 
a double  row  of  numerous  flat  spines,  fifth  and  sixth  prosomal  appendages  simple, 
keeled,  tapering;  sixth  appendage  reaching  as  far  as  the  pretelson.  Shape  of  prosoma 
probably  subrectangular,  lateral  eyes  in  the  anterior  half  of  the  prosoma,  subcentral. 

[Palaeontology,  Vol.  5,  Part  1,  1962,  pp.  137-48,  pi.  20.] 
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Ventral  marginal  rim  of  prosomal  doublure  broad,  crossed  anterior  to  the  lateral  eyes 
by  the  epistomal  sutures  which  converge  posteriorly  between  the  eyes;  breadth  of 
epistomal  plate  greater  than  its  length,  transverse  line  of  doublure  parallel  with  anterior 
margin  of  prosoma.  Anterior  margin  of  prosoma  straight,  uncrenulated.  Metastoma 
narrow  in  relation  to  the  width  of  the  prosoma,  its  length  being  over  twice  its  breadth, 
anterior  notch  fairly  shallow.  Abdomen  slender  with  lateral  epimers  on  the  post- 
abdominal segments,  axial  furrows  present  on  all  abdominal  segments.  Telson  long, 
styliform,  keeled. 

Genotype.  Pagea  stiirrocki  gen.  et  sp.  nov. 

Derevatio  nominis.  Named  after  David  Page  (1814-79),  early  worker  on  the  Old  Red  Sandstone  fauna 
of  Scotland  and  describer  of  the  first  stylonurid. 

Pagea  stwrocki  gen.  et  sp.  nov. 

Plate  20,  figs.  1 and  2,  text-figs.  1 and  2. 

Diagnosis.  Characters  as  for  the  genus.  Pretelson  greatly  lengthened,  being  over  three 
times  as  long,  measured  on  the  median-line,  as  the  postabdominal  segment  immediately 
anterior  to  it. 

Holotype.  Royal  Scottish  Museum.  No.  1956.14.11  from  the  Lower  Old  Red  Sandstone  of  Angus, 
Scotland. 

Derevatio  notninis.  Named  after  Edwin  D.  Sturrock,  Esq.,  President  of  the  Dundee  Naturalists’  Society, 
through  whose  generosity  the  holotype  was  acquired  for  the  national  collection. 

Description  of  the  holotype.  The  prosoma.  The  specimen  is  seen  in  dorsal  aspect  but  the 
dorsal  surface  of  the  prosoma  is  not  preserved,  the  only  dorsal  character  which  can  be 
seen  being  the  mounds  of  the  palpebral  lobes  of  the  lateral  eyes.  These  are  circular  and 
have  a subcentral  position  but  are  in  the  anterior  half  of  the  prosoma.  Each  eye  is 
slightly  nearer  the  median  axis  of  the  specimen  than  to  the  nearest  portion  of  the  lateral 
margin  of  the  prosoma.  It  is  probable  that  the  axes  of  the  lateral  eyes  are  subparallel- 
The  anterior  part  of  the  prosomal  doublure  is  well  preserved,  although  the  lateral 
portions  are  not  present.  The  almost  straight,  undecorated,  anterior  edge,  passing 
gradually  into  curved  antero-lateral  angles,  suggests  that  the  shape  of  the  prosoma  was 
subrectangular.  There  is  a broad  marginal  rim.  The  epistomal  sutures  (r.e.s.,  text-fig.  1) 
are  well  preserved  and  define  a trapezoid  epistomal  plate  in  which  the  greatest 
lateral  dimension  is  at  the  anterior  margin  and  is  approximately  two  and  a half  times 
the  length  of  the  plate  measured  along  the  median  axis.  The  transverse  line  (tr.l)  of  the 
doublure  is  parallel  with  the  anterior  margin.  A median  keel  (m.k.)  is  present.  Antelateral 
sutures  do  not  appear  to  be  present.  In  order  to  establish  the  characters  of  the  metastomal 
plate  (mts.)  part  of  the  coxa  of  the  right  sixth  appendage,  which  obscured  it,  was 


EXPLANATION  OF  PLATE  20 

Figs.  1-2.  Pagea  stiirrocki  gen.  et  sp.  nov.  1,  The  holotype  (R.S.M.  1956.14.11),  Lower  Old  Red 
Sandstone,  Angus,  Scotland,  X |,  the  fifth  prosomal  appendage  having  been  removed  to  reveal  the 
fourth  appendage.  2,  The  right  prosomal  appendages  of  the  same,  X f , showing  the  fifth  appendage 
in  position. 

Fig.  3.  Ctenopteriis  elegans  (Laurie).  The  holotype  (R.S.M.  1897.32.66),  Gala-Tarannon,  Gutterford 
Burn,  Pentland  Hills,  Midlothian,  x |,  left  side  of  prosoma  showing  metastoma  and  prosomal 
doublure. 
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PLATE  20 


WATERSTON,  Pagea  sturrocki 
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TEXT-FIG.  1.  Pagea  sturwcki  gen.  et  sp.  nov.,  drawing  of  the  holotype  (R.S.M.  1956.14.11),  xj. 
m.k.  = median  keel,  r.e.s.  = right  epistomal  suture,  tr.l.  = transverse  line,  l.e.  = lateral  eye,  mts.  = 

metastoma. 

removed.  The  metastoma  is  coffin-shaped,  being  broadest  one-quarter  of  its  length  from 
the  anterior.  The  angles  are  rounded,  and  there  is  a shallow  anterior  notch.  The  length 
of  the  metastoma  is  more  than  twice  its  greatest  breadth.  The  anterior  part  bears  a sub- 
squamate  pattern  and  a median  keel  extends  over  the  central  half  of  the  plate. 

The  prosomal  appendages.  The  fourth,  fifth,  and  sixth  appendages  of  the  right  side  are 
preserved  in  their  entirety.  The  fifth  appendage  is  crossed  over  the  fourth  and  part  of  the 
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former  was  temporarily  removed  to  exhibit  the  complete  fourth  appendage  at  a lower 
level  in  the  matrix.  The  coxa  of  the  third  and  part  of  the  coxa  of  the  second  appendages 
of  the  right  side  are  also  seen.  There  has  been  some  displacement  between  the  coxae  of 
the  fourth  and  fifth  appendages.  On  the  left  side  four  joints  of  the  fourth  appendage  are 
present  but  parts  of  two  joints  only  of  the  fifth  and  sixth  appendages  are  seen.  The  fifth 
prosomal  appendage  is  T7  times  the  length  of  the  fourth,  and  the  sixth  is  1-3  times  the 
length  of  the  fifth.  The  fourth  appendage  has  six  joints  as  well  as  the  coxa,  the  proximal 
five  of  which  bear  spines.  The  spines  on  the  second,  third,  and  fourth  joints  are  borne  in 
two  rows  of  four  spines,  the  length  of  the  spines  increasing  towards  the  distal  end  of  each 
joint.  The  longest  spines  of  each  joint  increase  in  length  from  second  to  third  and  from 
third  to  fourth  joint.  The  spines  are  flat  and  striated.  The  penultimate  joint  bears  fewer 
spines  than  the  joints  proximal  to  it  and  the  ultimate  joint  of  the  fourth  appendage 
appears  to  take  the  form  of  a spine  of  similar  type  to  those  borne  on  the  other  joints. 
The  fifth  prosomal  appendage  is  composed  of  eight  joints  due  to  the  presence  of  a 
double  trochanter.  This  appendage  does  not  bear  spines  but  is  keeled  and  tapers  distally. 
The  sixth  appendage  is  similar  to  the  fifth,  being  free  of  spines,  keeled,  and  tapering 
distally.  It  is  unusual,  however,  in  being  composed  of  nine  joints,  there  being  a double 
trochanter  and  an  extra  joint  between  the  trochanter  and  the  pre-femur.  The  sixth 
appendage  reaches  posteriorly  to  the  level  of  the  pretelson. 

The  abdomen.  The  posterior  five  pre-abdominal  tergites  are  seen  in  dorsal  view,  the  first 
two  not  having  been  preserved.  In  the  case  of  four  of  the  tergites  the  doublures  are  well 
seen.  The  right  lateral  margins  of  the  posterior  three  tergites  are  the  only  ones  preserved, 
all  the  other  margins  having  been  lost  through  breakage.  Such  evidence  as  is  provided 
by  the  margins  present,  however,  would  suggest  that  the  posterior  part  of  the  pre- 
abdomen gradually  tapers  posteriorly.  The  segments  are  relatively  narrow  compared 
to  their  length.  The  posterior  pre-abdominal  segment  appears  to  be  longer  than  the 
others,  and  its  post-lateral  angles  are  produced  into  an  acute  form  if  not  quite  an  epimer. 
The  pre-abdominal  segments  bear  distinct  axial  furrows  dividing  the  tergites  into  axial 
and  pleural  portions.  The  axial  furrows  are  placed  slightly  closer  together  as  tergite 
succeeds  tergite  posteriorly.  The  reconstruction  (text-fig.  2a)  shows  a simple  axial  portion 
of  the  pre-abdomen.  It  is  possible,  however,  that  the  axis  may  have  been  formed  of 
two  lobes  divided  by  a median  furrow  and  that  none  of  the  left  pleural  parts  of  the 
tergites  remain  on  the  holotype.  If  this  were  the  case,  the  reconstructed  width  of  the  pre- 
abdominal tergites  would  be  increased  by  approximately  one-third  over  that  shown 
in  the  text-figure.  Ventral  structures  of  the  abdomen  are  not  seen,  thus  the  nature  of 
the  operculum  and  median  abdominal  appendage  remains  unknown. 

All  five  postabdominal  segments  are  preserved,  but  the  margins  of  the  fifth  only  are 
complete.  The  right  margins  of  the  third  and  fourth  are  present  but  other  margins  are 
lost  due  to  breakage.  From  the  evidence  of  the  third  and  fourth  postabdominal  segments 
it  is  clear  that  the  first  four  segments  of  the  postabdomen  bore  small  epimerae.  Like 
the  pre-abdominal  segments  they  are  narrow  in  comparison  with  their  length.  The  pre- 
telson is  remarkably  specialized.  It  is  between  three  and  four  times  the  length  of  the 
other  postabdominal  segments  and  has  a barrel-shaped  outline,  the  lateral  margins 
being  regularly  curved  and  the  greatest  width  of  the  segment  being  midway  along  its 
length.  Posteriorly  the  curves  of  the  margins  converge  without  interruption  to  form  the 
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outer  margins  of  the  broad  epimeral  angles.  As  with  the  pre-abdominal  tergites,  the 
postabdominal  segments  bear  axial  furrows  which,  on  the  first  four  segments,  converge 
slightly  posteriorly,  from  segment  to  segment.  On  the  pretelson,  however,  the  axial 
portion  is  waisted  and  the  pleural  parts  barrel-shaped,  the  axial  furrows  curving  regu- 
larly in  the  opposite  sense  to  the  margins  of  the  segment.  The  entire  abdomen  is  orna- 
mented with  a fine  granulation. 

The  telson  is  long  and  styliform.  The  axial  ridge  is  continued  on  the  telson,  the  furrows 
being  straight  and  converging  posteriorly  to  meet  at  the  posterior  tip  of  the  telson.  The 
ridge  has  more  the  nature  of  a keel  in  its  posterior  third. 

Measurements  of  the  holotype.  Probable  length  of  prosoma  120  mm.,  probable  breadth  of  prosoma 
120  mm.  Length  of  metastoma  62  mm.,  maximum  breadth  of  metastoma  31  mm.  Distance  from 
anterior  margin  to  lateral  eyes  43  mm.,  distance  between  lateral  eyes  33  mm.  Greatest  distance  between 
epistomal  sutures  70  mm. 

Measurements  of  fourth  prosomal  appendage:  trochanter  22  mm.;  femur  32  mm.;  patella  32  mm.; 
tibia  22  mm.;  tarsus  20  mm.;  pretarsus  20  mm. 

Measurements  of  fifth  prosomal  appendage:  trochanter  1,  23  mm.;  trochanter  2,  1 1 mm.;  prefemur 
32  mm.;  femur  53  mm.;  patella  51  mm.;  tibia  37  mm.;  tarsus  25  mm.;  pretarsus  25  mm. 

Measurements  of  sixth  prosomal  appendage;  trochanter  1,17  mm.;  trochanter  2,  15  mm.;  prefemur 
1,17  mm.;  prefemur  2,  41  mm.;  femur  77  mm.;  patella  48  mm.;  tibia  57  mm.;  tarsus  42  mm.;  pretarsus 
28  mm. 

Measurements  of  the  pre-abdomen:  7th  and  8th  segments  not  known.  9th,  length  25  mm.;  10th, 
length  25  mm.;  11th,  length  29  mm.,  restored  maximum  breadth  based  on  measurement  of  complete 
right  side  of  tergite  84  mm.;  12th,  length  27  mm.,  restored  maximum  breadth  80  mm.;  13th,  length 
39  mm.,  restored  maximum  breadth  66  mm. 

Measurements  of  the  postabdomen:  14th,  length  24  mm.;  15th,  length  25  mm.;  16th,  length  27  mm., 
restored  maximum  breadth  60  mm.;  17th,  length  27  mm.,  restored  maximum  breadth  56  mm.  Length 
of  pretelson  97  mm.,  maximum  breadth  65  mm.  Length  of  telson  141  mm. 

The  restoration  (text-fig.  2a  and  b)  follows  directly  from  the  observed  characters  of  the 
holotype  (text-fig.  1 ) except  for  the  form  of  the  prosoma,  the  nature  of  the  chelicerae, 
and  the  third  prosomal  appendage.  Because  of  the  similarity  of  the  observed  anterior 
portion  of  the  prosoma  to  that  of  Stylonurus  powriei  Page,  and  because  the  form  of  the 
prosoma  in  S.  powriei  appears  to  agree  with  that  suggested  by  the  ventral  configuration 
of  P.  sturroeki,  a prosomal  outline  closely  approximating  to  that  of  the  Scottish  Lower 
Old  Red  Sandstone  form  S.  powriei  has  been  adopted  in  the  restoration.  The  third 
prosomal  appendage  has  been  drawn  like  the  observed  fourth  appendage  since  the  three 
posterior  walking  legs  of  the  new  eurypterid  closely  resemble  those  of  Cteuopteriis,  a 
genus  to  which  it  appears  to  be  related,  and  it  is  assumed  that,  as  in  Ctenopterus,  the 
third  and  fourth  prosomal  appendages  would  be  similarly  spinose.  The  chelicerae 
(text-fig.  2b)  have  been  reconstructed  as  fairly  broad,  a character  which  appears  to  be 
common  to  stylonurid  eurypterids  and  described  in  such  forms  as  Ctenopterus  excelsior 
(Hall)  (in  Hall  and  Clarke  1888)  and  Brachvopterus  pentagonalis  (Stormer)  (in  Stormer 
1934). 


AFFINITIES 

The  morphological  features  of  Pagea  sturroeki  make  it  clear  that  the  new  Scottish 
eurypterid  is  a member  of  the  Family  Stylonuridae  of  Diener  1924  as  emended  by 
Stormer  (1951,  p.  413).  It  shows  a curious  mixture  of  charaeters  usually  associated  with 
the  genera  Stylonurus  s.s.  and  Ctenopterus  in  addition  to  which  there  are  features,  such 
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TEXT-FIG.  2.  Pagea  sturrocki  gen.  et  sp.  nov.,  diagrammatic  reconstructions.  A,  Dorsal  view,  X 
B,  Ventral  view  of  the  prosoma  and  proximal  portions  of  the  prosomal  appendages,  X 
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as  the  marked  trilobation  of  the  abdomen  and  the  extraordinary  enlargement  of  the 
pretelson  which  are  specializations  not  seen  to  the  same  degree  in  either  of  these  genera. 

Ajfinities  with  Ctenopterus  Clarke  and  Ruedemann  1912.  The  prosomal  appendages  of 
Pagea  sturrocki  are  similar  to  those  of  Ctenopterus  in  having  a double  row  of  flat  spines 
on  the  fourth,  and  presumably  the  third,  appendages  while  the  fifth  and  sixth  are  long, 
keeled,  and  without  spines.  The  best-known  species  of  Ctenopterus  is  the  genotype  C. 
cestrotus  (Clarke)  from  the  Shawangunk  Grit,  Middle  Silurian,  of  Otisville,  New  York 
State.  The  joints  of  the  third  and  fourth  appendage  of  this  species  bear  between  six  and 
nine  pairs  of  spines  which  are  of  approximately  equal  length.  Clarke  was  able  to  develop 
the  underside  of  one  of  the  two  known  specimens  of  C.  excelsior  (Hall)  from  the  Catskill 
Group,  to  reveal  the  chelicera  and  second  appendage  of  the  prosoma  which  bore  paired 
spines,  but,  as  noted  by  Clarke  and  Ruedemann  (1912,  p.  292),  in  Beecher’s  famous 
restoration  of  this  gigantic  eurypterid  (1900,  pi.  1),  as  in  their  own  restoration  of  it 
(1912,  pi.  47),  the  paired  spines  shown  on  the  third  and  fourth  appendages  were  restored 
after  C.  cestrotus  and  have  never  been  seen  in  C.  excelsior.  It  is  in  the  Scottish  species 
C.  elegans  (Laurie)  from  the  Gala-Tarannon  Beds  of  the  Pentland  Hills,  however,  that 
the  appendages  of  P.  sturrocki  can  be  most  closely  matched.  Although  the  increase  in 
the  size  of  the  spines  distally  on  each  joint,  shown  by  Pagea,  is  not  so  well  seen  in  C. 
elegans,  the  spines  on  the  distal  joints  of  the  third  and  fourth  appendages  of  that  species 
certainly  do  show  an  increase  in  size  as  in  Pagea.  The  spines  are  also  similarly  striated. 

While  the  appendages  of  P.  sturrocki  are  similar  to  those  of  Ctenopterus,  the  prosomal 
characters  differ.  In  Pagea  the  axes  of  the  lateral  eyes  appear  to  be  almost  parallel,  in 
contrast  to  the  axes  in  Ctenopterus  which  converge  anteriorly.  The  shape  of  the  prosoma 
in  Ctenopterus,  where  it  is  known,  as  in  C.  cestrotus,  C.  elegans,  and  C.  excelsior,  narrows 
anteriorly,  the  greatest  width  being  in  the  posterior  half.  Unlike  the  strongly  curved 
anterior  margin  of  Ctenopterus,  Pagea  has  an  almost  straight  anterior  margin.  In  dealing 
with  the  restoration  of  Pagea,  reasons  have  been  given  for  supposing  that  the  shape  of 
the  prosoma  was  probably  similar  to  that  of  S.  powriei.  Although  likely,  however,  this 
cannot  be  proved  until  more  specimens  come  to  hand,  but  a comparison  of  the  prosomal 
doublures  in  Pagea  and  Ctenopterus  reveals  a distinction.  Clarke  and  Ruedemann 
(1912,  p.  289)  state  that  the  prosomal  doublure  (=  ventral  marginal  rim,  see  Stormer 
1934,  p.  22)  of  C.  cestrotus  is  broad  and  thick  and  widest  along  the  frontal  margin 
where  it  exhibits  a deep  concentric  furrow.  An  unsatisfactory  picture  is  given  (pi.  49, 
fig.  2)  in  illustration  of  this  description.  In  the  original  illustration  of  C.  excelsior  (Hall 
1888,  pi.  26)  one  of  the  epistomal  sutures  is  indicated.  Otherwise  the  nature  of  the 
ctenopterid  doublure  appears  to  be  unknown.  Re-examination  of  the  type  material  of 
C.  elegans  (Laurie),  a species  which  Clarke  and  Ruedemann  regarded  as  typical  of  their 
genus  Ctenopterus,  has  provided  further  evidence  of  the  ventral  structures  of  the  pro- 
soma of  that  genus. 

Laurie’s  description  of  Ctenopterus  elegans  (1899,  p.  580)  was  based  on  five  specimens 
which  he  regarded  with  certainty  as  belonging  to  this  species.  Of  these,  two  appear  to 
be  the  right  and  left  sides  of  the  same  specimen  and  are  now  mounted  together  (R.S.M. 
1897.32.66)  and  were  figured  by  Laurie  as  figures  13and  19.  A third  (R.S.M.  1897.32.190) 
was  figured  (fig.  14)  and  shows  the  dorsal  aspect  of  the  anterior  part  of  the  prosoma  and 
clearly  demonstrates  the  convergence  of  the  margins  of  the  prosoma  towards  the  anterior. 
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The  other  two  specimens  used  by  Laurie,  but  not  figured  by  him,  are  R.S.M.  1897.32.67 
and  1897.32.66a.  Re-examination  of  the  figured  specimens  has  made  possible  a restora- 
tion of  the  prosoma  in  ventral  and  dorsal  aspect  (text-fig.  3a  and  b).  In  the  restoration 
the  shape  of  the  prosoma  has  been  taken  from  1897.32.66,  the  largest  specimen,  in 
which  the  outline  is  preserved  on  the  left  half  where  the  margin  is  complete  except  for  a 
portion  at  the  median  part  of  the  anterior.  This  part  was  restored  from  1897.32.190  in 
which  the  anterior  is  complete.  The  dorsal  structures  are  drawn  from  1897.32.190,  but 


TEXT-FIG.  3.  Ctenopteriis  elegans  (Laurie),  diagrammatic  reconstructions  based  on  the  holotype 
(R.S.M.  1897.32.66),  also  R.S.M.  1897.32.190,  both  from  the  Gala-Tarannon  of  the  Gutterford  Burn, 
Pentland  Hills,  Midlothian,  a.  Ventral  view  of  the  prosoma  and  prosomal  appendages  of  the  right 
side,  showing  form  of  the  prosomal  doublure  and  metastoma,  x 2.  b,  Dorsal  view  of  the  prosoma, 
X T r.f.  rostral  field,  tr.l.  = transverse  line,  ep.s.  = epistomal  suture,  l.s.  = lateral  shield  of  doub- 
lure, mts.  = metastoma,  m.o.  = median  ocella,  l.e.  = lateral  eye. 

the  position  of  the  lateral  eyes  is  also  seen  in  1897.32.66  from  which  the  ventral  structures 
were  drawn.  The  prosomal  doublure  is  well  shown  in  1897.32.66  in  which  part  of  the 
left  half  of  the  epistoma,  the  left  epistomal  suture  and  the  left  lateral  shield  are  preserved. 
The  doublure  is  deep  anteriorly,  restoration  indicating  that  the  epistoma,  at  its  greatest 
width,  is  approximately  twice  as  broad  as  it  is  long,  measured  in  the  median  line.  The 
greatest  width  of  the  plate  lies  approximately  at  the  mid  point.  The  epistoma  is  crossed 
by  an  arcuate  transverse  line  defining  a rather  large  rostral  field.  The  absence  of  the 
median  part  of  the  anterior  of  the  specimen  makes  it  impossible  to  say  whether  or  not 
a median  keel  is  present.  A crenulated  border  is  present  which  is  deepest  anteriorly  and 
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narrows  laterally.  The  lateral  shields  of  the  doublure  are  narrow,  the  inner  margins 
tending  to  follow  the  outline  of  the  prosoma,  but  converging  towards  it  posteriorly. 
No  antelateral  suture  is  indicated. 

The  characters  of  the  prosomal  doublure  as  shown  by  C.  elegans  differ  markedly 
from  those  of  Pagea  sturrocki.  The  difference  in  the  outline  of  the  prosoma  is  reflected 
in  a different  shape  of  epistomal  plate  which  in  Pagea  is  relatively  broader  than  in 
Ctenopterus  with  the  maximum  width  at  the  anterior  margin  of  the  plate  instead  of  at 
the  mid  point.  The  transverse  line  in  Pagea  is  simple  instead  of  arcuate  as  in  Ctenopterus 
elegans  and  the  rostral  field  much  less  large. 

From  the  left  side  of  R.S.M.  1897.32.66  it  is  clear  that  the  metastoma  of  Ctenopterus 
is  broad  in  relation  to  its  length  and  also  in  relation  to  the  width  of  the  prosoma.  The 
plate  is  subrectangular  in  shape,  the  length  being  only  about  one  and  a half  times  the 
greatest  breadth.  There  is  a shallow  anterior  furrow  which  is  ornamented  at  the  margin 
by  small  crenulations.  The  antero-lateral  areas  of  the  plate  are  ornamented  with  pustules 
of  various  sizes.  At  the  posterior  and  postero-lateral  parts  of  the  plate  there  is  an  area 
of  centrally  directed  anastomosing  ridges,  the  ridges  terminating  at  the  margins  of  the 
plate,  and  anteriorly  along  a curved  line  extending  from  the  margins  of  the  plate  about 
the  middle  of  its  length  posteriorly  to  cross  the  median  axis  one-fifth  of  the  length  of  the 
plate  from  the  posterior  margin.  The  indentation  of  the  margin  at  the  left  postero-lateral 
angle  shown  by  Laurie  (1899,  fig.  13)  does  not  exist  and  was  due  to  the  matrix  hiding 
the  form  of  the  plate  at  this  point.  Development  of  the  plate  reveals  the  shape  as  that 
shown  in  text-fig.  3u. 

The  form  of  the  metastoma  in  Ctenopterus  elegans  is  therefore  quite  distinct  from  that 
of  Pagea  in  shape,  in  the  greater  relative  breadth,  and  in  the  high  degree  of  ornamenta- 
tion. 

Affinities  with  Stylonurus  Page  1856.  It  is  unfortunate  that  the  only  specimen  of  the 
genotype  Stylonurus  powriei  Page  (R.S.M.  1891.92.101)  shows  only  the  fifth  and  sixth 
prosomal  appendages,  the  anterior  appendages  not  having  been  preserved.  The  dis- 
covery of  Pagea  gives  rise  to  an  interesting  speculation  with  regard  to  this  specimen 
since  it  now  appears  quite  possible  that  had  the  third  and  fourth  appendages  been  pre- 
served they  need  not  have  been  simple  as  in  S.  logani,  but  could  have  been  spinose  as  in 
Pagea  since  other  characters  of  the  body,  such  as  the  shape  of  the  prosoma  and  the 
slight  trilobation  of  the  abdomen,  are  similar  to  the  new  genus. 

Where  the  prosomal  appendages  of  Stylonurus  species  are  better  known,  as  in  S. 
dolichopteroides  Stormer  (1934,  p.  103),  S.  macrophthalmus  Laurie  (1899,  p.  579),  and 
S.  ornatus  Laurie  (Lamont  1955,  p.  211),  it  is  clear  that  they  form  a graded  series  increas- 
ing in  length  posteriorly,  the  first  three  pairs  of  walking  legs  bearing  spines  and  the  last 
two  being  free  of  spines.  Since  the  publication  of  Woodward’s  reconstruction  of  S. 
logani  (1866-78,  text-fig.  131)  there  has  been  some  doubt  as  to  whether  the  appendages 
of  this  species  conform  to  the  general  stylonurid  pattern,  and  later  authors  such  as 
Clarke  and  Ruedemann  (1912,  pp.  278-84)  have  made  it  clear  that  they  regarded  Wood- 
ward’s reconstruction,  with  the  subequal  third  and  fourth  appendages  and  the  much 
longer  but  subequal  fifth  and  sixth  appendages,  as  being  in  error.  Since  S.  logani  was 
one  of  the  forms  which  was  illustrated  by  Page  in  his  first  figures  of  the  genus  (1859, 
p.  181,  fig.  1)  the  present  opportunity  is  taken  to  correct  Woodward’s  reconstruction 
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and  confirm  that  the  appendages  of  this  species  do  conform  to  the  general  stylonurid 
pattern. 

S.  logani  is  known  from  the  holotype  only  of  which  the  part  is  in  the  Geological 
Survey  Museum  (GSM.  87357)  and  the  counterpart  in  the  Royal  Scottish  Museum 
(1891.92.33).  Although  the  Survey  specimen  was  figured  by  Woodward  in  his  mono- 
graph (1866-78,  pi.  xxiv,  fig.  1)  it  was  the  counterpart  that  he  figured  in  his  original 


TEXT-FIG.  4.  Stylonwiis  logani  Woodward,  diagrammatic  reconstruction  of  the  holotype,  based  on  the 
counterpart  (R.S.M.  1891.92.33),  dorsal  view  of  prosoma  and  prosomal  appendages,  X 1,  with  draw- 
ings of  the  prosomal  appendages  as  they  appear  on  the  counterpart,  x 1 J approx. 


description  (1864,  pi.  x,  fig.  1)  and  this  specimen  bears  more  evidence  of  the  prosomal 
appendages,  which  in  most  cases  have  become  detached  from  the  body,  than  does  the 
Survey  specimen.  A re-examination  of  the  counterpart  has  made  possible  the  reconstruc- 
tion in  dorsal  aspect  reproduced  in  text-fig.  4.  This  was  done  by  making  careful  draw- 
ings of  the  legs  as  they  appear  on  the  specimen  (text-fig.  4,  III-VI)  and  reassembling  them 
with  the  prosoma  in  restoration  in  dorsal  aspect.  The  visual  areas  of  the  palpebral 
lobes  of  the  lateral  eyes  are  also  seen  clearly  in  this  specimen  and  have  been  drawn  in 
the  reconstruction. 

There  is  no  serious  exception  to  the  generally  accepted  pattern  of  the  prosomal 
appendages  of  Stylonurus  s.s.,  but  it  is  clear  also  that  the  appendages  of  Pagea,  with 
their  many  pairs  of  flat  spines  on  the  joints  of  the  third  and  fourth  appendages,  are 
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quite  distinct  from  this  pattern.  When  other  prosomal  characters  are  considered,  how- 
ever, a considerable  degree  of  conformity  may  be  noted. 

The  shape  of  the  Pagea  prosoma,  with  its  almost  straight  anterior  margin,  suggests  a 
similarity  with  that  of  Stylonurus  s.s.  as  seen  in  the  genotype.  The  parallel  axes  of  the 
lateral  eyes  which  are  probable  in  Pagea  are  also  typical  of  Stylonurus.  Similarities  are 
also  apparent  in  the  doublure.  Stormer  has  described  the  epistomal  sutures  in  his  species 
5”.  ruedemanni  and  S.  dolichopteroides  (1934,  pp.  100  and  102).  In  the  former  the  sutures 
cross  the  border  at  points  anterior  to  the  lateral  eyes  and  converge  posteriorly  between 
the  eyes,  and  in  the  latter  they  are  indicated  by  faint  crossing  lines  in  front  of  each 
lateral  eye.  These  features  accord  completely  with  structures  seen  in  Pagea  in  which,  as 
in  the  Norwegian  species,  the  greatest  width  of  the  epistoma  is  at  its  anterior  margin. 
The  proportions  of  the  metastoma  of  Pagea,  and  its  size  in  relation  to  the  length  and 
width  of  the  prosoma,  are  very  close  to  those  in  Stylonurus,  as  for  example  in  S.  ornatus 
Laurie  (1892,  pi.  1,  fig.  7)  and  S.  macroplithalnms  Laurie  (1899,  pi.  1,  fig.  4).  In  both  these 
species,  however,  the  metastoma  bears  a much  deeper  anterior  notch  than  in  Pagea. 
The  long,  keeled  styliform  telson  of  Pagea  resembles  that  of  S.  ornatus  Laurie  although 
it  does  not  exhibit  the  speciaUzation  noted  by  Lamont  (1955,  p.  209)  in  that  species.  It 
is  interesting  to  note  also  that  in  S.  ornatus  there  is  a distinct  lengthening  of  the  pretelson, 
although  not  to  the  extreme  degree  as  in  P.  sturrocki. 

Conclusion.  In  prosomal  characters  such  as  the  outline  of  the  prosoma,  the  position  and 
axes  of  the  lateral  eyes,  the  structure  of  the  prosomal  doublure,  and  the  proportions  of 
the  metastoma,  Pagea  resembles  Stylonurus  s.s.  and  differs  from  Ctenopterus.  In  the 
nature  of  the  prosomal  appendages,  however,  Pagea  resembles  Ctenopterus  and  differs 
from  Stylonurus.  In  the  author’s  opinion  Pagea  is  more  closely  related  to  Stylonurus 
than  to  Ctenopterus  since  the  presence  or  absence  of  spines  on  the  anterior  walking  legs 
would  appear  to  be  a more  flexible  taxonomic  character  than  the  prosomal  characters. 
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CALCAREOUS  ADHERENT  FORAMINIFERA  FROM 
THE  BRITISH  JURASSIC  AND  CRETACEOUS  AND 

THE  FRENCH  EOCENE 

by  C.  G.  ADAMS 


Abstract.  Previous  records  of  calcareous  adherent  Foraminifera  from  the  British  Jurassic  are  reviewed  and 
the  presence  of  four  genera,  BuUopora  Quenstedt,  Carixia  Macfadyen,  Nubecidaria  Defrance,  and  Nubeciilinella 
Cushman,  is  established.  Emended  diagnoses  for  three  of  these  genera  are  given  and  the  type  species  of  one, 
Nubeciilaria  lucifuga  Defrance,  is  redescribed  from  topotype  (Eocene)  material.  All  the  species  and  varieties  of  the 
Jurassic  genera,  including  certain  free-living  forms,  are  redescribed,  and  their  morphological  variation,  diagnostic 
characters,  and  stratigraphical  ranges  are  given.  Three  Cretaceous  taxa,  Bidloponi  laevis  (Sollas),  B.  soUasi 
(Chapman),  and  B.  tubercidata  (Sollas),  are  also  discussed.  Lectotypes  are  designated  for  Nubecidaria  trilocidina 
Ten  Dam,  Nubeciilinella  tibia  (Jones  and  Parker),  and  BuUopora  laevis  (Sollas). 

Throughout  the  last  hundred  years  confusion  has  reigned  over  the  systematic  position 
of  most  of  the  genera  and  species  of  Jurassic  calcareous  adherent  Foraminifera.  The 
unwitting  failure  of  the  early  workers  (Defrance  1825,  d’Orbigny  1839,  Quenstedt  1856) 
to  provide  adequate  descriptions  of  their  genera  was  largely  the  cause  of  this,  since  it 
was  not  appreciated  until  much  later  that  the  key  to  the  relationships  between  these 
genera  lay  in  the  structure  of  the  test  wall.  The  difficulties  thus  created  were  subsequently 
increased  by  the  loss  of  some  of  the  type  specimens,  and  by  the  erection  of  new  genera 
and  species  by  later  authors  who  were  themselves  unable  to  define  satisfactorily  the 
existing  species.  The  prevailing  confusion  is  today  exemplified  by  the  diagnoses  given  in 
the  four  or  five  most  widely  used  textbooks  of  recent  years  (Galloway  1933,  Glaessner 
1945,  Cushman  1948,  Pokorny  1958,  Rauzer-Chernousova  and  Fursenko  1959);  these 
authors  seldom  agree  on  the  definition  of  a single  genus  of  calcareous  adherent  Foramini- 
fera. During  the  past  twenty  years  several  attempts  have  been  made  to  bring  order  into 
this  group.  Macfadyen  (1941)  attempted  a lengthy  synonymy  for  BuUopora  rostrata 
Quenstedt,  at  that  time  one  of  the  most  difficult  species  to  define  accurately.  Avinmelech 
and  Reiss  (1954)  erected  a new  classification  for  the  imperforate  adherent  forms  (in 
which  they  mistakenly  included  BuUopora)  by  elevating  the  subfamily  Nubeculariinae 
to  the  rank  of  family  (Nubeculariidae)  and  dividing  this  into  two  subfamilies,  this  whole 
group  being  then,  of  course,  excluded  from  the  family  Ophthalmidiidae.  Barnard  (1958) 
reviewed  the  more  important  Mesozoic  genera  and  discussed  the  probable  evolutionary 
history  of  some  species. 

The  purpose  of  this  paper  is  to  redescribe  the  genera  so  far  reported  from  the  British 
Jurassic  and  to  review  all  the  known  species.  In  attempting  this,  the  writer  has  had  at  his 
disposal  his  own  material  and  also  the  collections  of  Jurassic  Foraminifera  deposited  in 
the  British  Museum  (Natural  History)  by  previous  authors.  These  included  hitherto  un- 
described, but  very  valuable,  Jurassic  collections  of  J.  F.  Blake,  H.  B.  Brady,  and  F.  Mockler. 

The  author  is  indebted  to  Mr.  J.  M.  Edmonds  (University  Museum,  Oxford)  for  the 
loan  of  the  types  of  Webbina  laevis  Sollas,  and  to  Dr.  I.  Seibold  (University  of  Tubingen) 
for  the  loan  of  a topotype  specimen  of  BuUopora  rostrata  Quenstedt.  He  is  very  grateful 
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to  Dr.  J.  Roger  (late  of  the  Museum  d’Histoire  Naturelle,  Paris)  and  to  M.  M.  Rioult 
(University  of  Caen)  for  material  from  Hauteville,  and  for  much  helpful  information 
concerning  the  Defrance  collection.  Special  thanks  are  due  to  Mr.  L.  J.  Pitt  (London) 
who  provided  a large  number  of  valuable  specimens  from  the  Oxford  Clay  of  Bucking- 
hamshire, to  Dr.  T.  Barnard  who  provided  additional  specimens  of  BuIIopora  globulata, 
and  to  Mr.  R.  L.  Hodgkinson  who  prepared  the  thin  sections.  Finally,  the  author  wishes 
to  thank  Dr.  W.  A.  Macfadyen  for  his  kindness  in  reading  and  constructively  criticizing 
the  typescript. 

THE  GENERA  OF  CALCAREOUS  ADHERENT  FORAMINIFERA 

The  literature  on  the  Jurassic  microfaunas  of  Britain  contains  references  to  the  follow- 
ing seven  genera  of  calcareous  adherent  Foraminifera:  BuIIopora  Quenstedt,  Calcitor- 
nelta  Cushman  and  Waters,  Carixia  Macfadyen,  Nubecularia  Defrance,  Nubeculinella 
Cushman,  Vitriwebbina  Chapman,  and  Webbina  d’Orbigny.  Many  well-known  species, 
for  example,  Nubecularia  trilocuUna  Ten  Dam  and  Nubeculinella  bigoti  Cushman,  have 
been  recorded  under  several  generic  names  owing  to  the  general  lack  of  agreement  about 
generic  characters.  Much  of  this  confusion  exists  because  the  diagnostic  characters  of 
BuIIopora,  Nubecularia,  and  Nubeculinella  have  never  been  clearly  stated.  A comparison 
of  the  diagnoses  of  these  genera  as  given  by  the  original  authors  and  by  subsequent  com- 
pilers of  textbooks  (Galloway  1933,  Glaessner  1945,  Cushman  1948,  Sigal  1952,  and 
Pokorny  1957)  has  shown  that  the  following  questions  have  to  be  answered  before  their 
true  systematic  position  can  be  established : 

1 . Are  the  test  walls  of  BuIIopora  and  Nubecularia  perforate  or  imperforate  ? 

2.  Does  the  test  of  BuIIopora  possess  an  initial  coil,  and,  if  so,  what  type  of  coil 
occurs  ? 

3.  Is  the  presence  or  absence  of  a ventral  wall  of  any  classificatory  significance,  and, 
if  so,  at  what  taxonomic  level? 

Further  questions  concerning  the  shape  of  individual  chambers  and  the  arrangement 
of  the  later  chambers  also  arise,  but  are  of  importance  at  specific  rather  than  generic 
level. 

The  genera  are  discussed  here  in  the  chronological  order  of  their  erection,  the  questions 
posed  above  being  answered  as  they  arise. 

Genus  webbina  d’Orbigny  1839 
Type  species.  Webbina  rugosa  d’Orbigny. 

Discussion.  The  wall  structure  is  not  mentioned  by  d’Orbigny  except  for  a statement  that 
the  exterior  is  rugose.  Loeblich  and  Tappan  (1955)  state  that  they  examined  the  holotype 
and  found  it  to  have  a fimbriate  keel  and  phialine  lip,  to  be  milky  white  in  appearance 
and  apparently  imperforate.  Their  figures  (1955,  pi.  4,  figs.  6,  and  6a)  show  that  it  has  no 
initial  coil. 

As  Barnard  (1958,  p.  116)  has  already  said,  extensive  use  of  thin  sections  is  usually 
necessary  before  the  type  of  wall  structure  in  calcareous  adherent  Foraminifera  can  be 
ascertained.  The  external  appearance  of  a test  is  sometimes  misleading  since  vitreous 
tests  may  appear  milky  white  (and  thus  porcellaneous)  when  poorly  preserved  or  when 
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infilled  with  sediment.  Loeblich  and  Tappan  were  not,  of  course,  able  to  section  the 
holotype  so  that  its  external  appearance  remains  undiagnostic.  Most  of  the  records  of 
Webbina  from  the  Jurassic  are  of  specimens  with  vitreous  perforate  tests  and  no  initial 
coil,  or  of  porcellaneous  imperforate  tests  with  an  initial  coil.  The  remainder  are  mis- 
determinations  of  arenaceous  adherent  Foraminifera  and  can  therefore  be  disregarded. 
No  specimens  with  phialine  lips  have  ever  been  reported.  The  only  species  recorded  is 
Webbina  irregularis  d’Orbigny  and,  as  shown  below,  all  previous  records  of  this  (except 
for  those  of  misdetermined  arenaceous  forms)  can  be  distributed  between  BuUopora  and 
Niibeculinella. 

A search  for  topotype  specimens  of  W.  rugosa  in  dredged  material  from  off  the  Canary 
Isles  has  been  unsuccessful.  Should  future  work  establish  that  the  test  of  this  species 
is  in  fact  perforate,  it  might  then  be  regarded  as  a senior  synonym  of  BuUopora.  However, 
until  such  specimens  are  found  it  would  seem  desirable  to  use  this  name  with  caution  for 
Recent  specimens,  and  not  at  all  for  Jurassic  forms. 

Genus  nubecularia  Defrance  1825 

Type  species.  Nubecularia  lucifuga  Defrance  1825. 

Discussion.  Little  has  hitherto  been  known  about  the  true  nature  of  this  genus.  The 
original  description  is  poor  and  the  figures  of  the  type  specimens  are  obscure.  Unfortu- 
nately, the  types  were  lost  when  the  University  of  Caen  was  destroyed  in  1944  and  topo- 
type specimens  have  not  been  described.  Nubecularia  lucifuga  has  been  reported  many 
times  since  1 825,  from  Mesozoic,  Tertiary,  and  Recent  sediments.  The  best  description  was 
that  of  Carpenter  (1862),  but  this,  like  most  of  the  others,  was  based  on  Recent  forms. 

Material.  Through  the  good  offices  of  Dr.  J.  Roger  the  writer  has  been  able  to  obtain 
a sample  from  the  type  locality  of  Hauteville,  Dept,  de  la  Manche;  material  has  also 
been  available  from  the  neighbouring  locality  of  Fresville.  These  samples  yielded  speci- 
mens which  corresponded  well  with  Defrance’s  original  description  and  figures,  in- 
adequate though  these  were. 

Emended  diagnosis.  Test  calcareous,  imperforate,  porcellaneous;  attached  during  life; 
consisting  of  a proloculus  followed  by  a second  tubular  chamber,  then  a series  of  cham- 
bers usually  initially  arranged  in  a tight  coil  but  later  becoming  irregular;  chambers 
separated  by  necks  and  not  by  true  septa.  Aperture  simple,  single,  or  multiple. 

Remarks.  Nubecularia  differs  from  Nubeculinella  Cushman  in  that  it  is  fundamentally 
a closely,  if  irregularly,  coiled  form.  Nubeculinella  possesses  only  a small  planispiral  initial 
coil  and  thereafter  is  completely  uncoiled. 

Nubecularia  lucifuga  Defrance 
Plate  21,  figs.  1-6 

Material.  Twenty  specimens  (seventeen  thin  sections);  preservation  good. 

Locality.  Hauteville  and  Fresville;  Middle  Eocene. 

Description.  The  test  is  calcareous,  opaque,  porcellaneous,  imperforate,  and  whitish  in 
colour.  In  thin  section,  the  wall  appears  structureless  and  brown.  Initially,  there  is  a 
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tendency  for  the  coiling  to  be  planispiral,  but  this  does  not  persist  and  in  the  adult  it 
is  extremely  irregular.  No  uncoiled  specimens  have  been  observed  by  the  writer,  but 
Defrance  (1825,  figs.  3c,  d)  illustrated  two  individuals  having  four  or  five  rectilinear 
chambers.  It  has  not  been  possible  to  determine  the  total  number  of  chambers  present 
in  this  author’s  specimens  owing  to  the  complicated  growth  pattern  commonly  developed 
in  the  later  stages,  but  there  are  usually  more  than  ten.  Nearly  all  the  sectioned  specimens 
were  found  to  be  coiled  round  small  foreign  objects,  for  example,  echinoid  spines  and 
fragments  of  polyzoans ; the  remainder  were  probably  attached  to  seaweeds.  The  presence 
of  one  flattened  surface  on  specimens  found  loose  in  washed  residues  is  taken  as  pre- 
sumptive evidence  for  attachment  during  life.  It  is  these  somewhat  flattened  forms  that 
show  most  clearly  an  initial  planispiral  coil  of  from  one  to  three  whorls.  A basal  wall  is 
present  in  all  the  attached  forms  and  its  absence  in  some  of  the  free  forms  is  most 
probably  due  to  abrasion  after  death.  The  chambers  are  generally  inflated  proximally 
and  taper  distally:  they  may  be  separated  by  distinct  necks  or  by  minor  constrictions  of 
the  wall.  Septa  have  not  been  observed.  The  principal  aperture  is  terminal  and  simple  but 
supplementary  apertures  may  sometimes  be  present  (Plate  21,  fig.  2). 

Dimensions.  The  author’s  specimens  range  from  0-6-2-0  mm.  in  diameter  but  it  is  possible 
that  some  individuals  are  larger  than  this.  (Externally,  many  individuals  are  so  shapeless 
that  they  are  not  definitely  recognizable  as  foraminifera  until  they  have  been  sectioned.) 

Remarks.  This  species  differs  from  the  Jurassic  species  N.  triloculina  Ten  Dam  in  its 
larger  size  and  much  greater  irregularity  of  growth,  especially  in  the  adult  stage.  The 
initial  coil  of  the  Jurassic  species  is  much  more  regular,  almost  planispiral,  and  is 
usually  visible  on  the  under  surface.  The  range  of  N.  lucifuga  sensu  striclo  is  unknown 
but  it  can  now  be  stated  that  all  records  of  it  from  the  Jurassic  of  Britain  are  incorrect 
(see  synonymies  below).  The  author  has  refrained  from  selecting  a neotype  for  this 
species  as  he  feels  that  it  should  be  done  by  someone  with  more  knowledge  of  the  mor- 
phological variation  exhibited  by  the  species  in  the  type  locality. 

Niibeeulario  lucifuga  is  certainly  one  of  the  most  abused  names  in  the  whole  of  the 
foraminiferal  literature.  A cursory  examination  of  the  specimens  referred  to  this  species, 
and  deposited  in  this  museum  by  workers  over  the  last  fifty  years,  has  sufficed  to  show  that 
they  include  many  quite  unrelated  forms.  Perforate  and  imperforate,  septate  and  non- 
septate  specimens  have  all  been  embraced  by  this  name.  It  is  quite  clear  that  a detailed 


EXPLANATION  OF  PLATE  21 

Figs.  1-4.  Nubecularia  lucifuga;  X 30.  Topotypes  from  the  Middle  Eocene  of  Hauteville.  2,  Several 
apertures  seem  to  be  visible.  3,  The  spicule  to  which  the  specimen  is  adherent  can  be  clearly  seen. 
4,  Shows  the  flattened  under-surface.  \a^a.  Thin  sections  of  the  above  specimens;  X 30.  2a,  Aa, 
The  ‘spicules’  to  which  the  specimens  are  attached  are  clearly  seen;  a basal  wall  is  present  wherever 
the  chambers  are  in  contact  with  the  ‘spicule’.  3a,  Shows  the  wall  structure  very  clearly;  P44642-5. 

Figs.  5,  6.  Nubecularia  lucifuga  Defrance;  X 30.  Thin  sections  of  topotypes  from  the  Middle  Eocene 
of  Hauteville.  5,  The  proloculus  and  tubular  second  chamber  are  visible;  P44646.  6,  The  wall 
structure  is  exceptionally  clear;  P44647. 

Figs.  7-11.  Nubecularia  triloculina  Ten  Dam.  7,  Upper  surface,  P44648.  8,  Lower  surface,  P44649. 
Both  from  the  Upper  Lias  Risby  Warren,  north  Lincolnshire;  X 100.  9,  Upper  surface  of  lectotype, 
x95;  P44635  (see  also  Plate  23,  figs.  2,  3).  10,  11,  Thin  sections  showing  porcellaneous  wall  struc- 
ture and  mode  of  growth;  X 205.  Specimens  from  the  Upper  Lias,  Risby  Warren,  north  Lincolnshire; 
P44652-3. 


Palaeontology,  VoL  5 


PLATE  21 


ADAMS,  Calcareous  adherent  foraminifera 


C.  G.  ADAMS:  CALCAREOUS  ADHERENT  FORAMINIFERA  153 

study  of  this  genus  together  with  all  allied  and  isomorphic  foraminifera  of  Tertiary  and 
Recent  age,  will  eventually  be  necessary.  Such  a study  is  beyond  the  scope  of  the  present 
work. 

Genus  bullopora  Quenstedt  1856 
Type  species.  Bullopora  rostrata  Quenstedt  1857  (by  subsequent  monotypy). 

Date  of  erection  of  the  genus  and  type  species.  Many  authors  have  accepted  1856  as  the 
year  of  publication  of  the  genus  Bullopora  Quenstedt,  but  a few,  including  Sherborn 
(1888^  and  1893)  and  Ellis  and  Messina  {Catalogue  of  Foraminifera  1940  et  seq.),  have 
quoted  it  as  1858.  The  authors  favouring  1858  have  assumed  that  the  date  given  on  the 
title-page  of  the  bound  volume  of  Der  Jura  was  that  of  the  entire  work,  whereas  it  was, 
in  fact,  published  in  five  parts  between  the  years  1856  and  1858;  the  dates  of  publication 
of  the  parts  are  given  as  footnotes  on  the  appropriate  pages.  The  correct  dates  of  publica- 
tion are  quoted  fully  in  the  Catalogue  of  the  Books,  Manuscripts,  Maps  and  Drawings 
in  the  British  Museum,  Natural  History  (1913),  and  are  as  follows: 

Quenstedt,  A.  F.  1856-58.  Der  Jura,  Tubingen. 

Part  1,  pp.  1-208,  pis.  1-24,  April  1856. 

Part  2,  pp.  209-368,  pis.  25-49,  September  1856. 

Part  3,  pp.  369-576,  pis.  50-72,  December  1856. 

Part  4,  pp.  577-824,  pis.  73-100,  May  1857. 

Titles,  indexes,  &c.,  pp.  825-842,  1858. 

It  follows  that  as  the  first  description  of  Bullopora  appears  on  p.  292  (mentioned  again 
p.  554)  the  genus  dates  from  1856.  The  species  B.  rostrata  Quenstedt  is  not  mentioned 
until  p.  580  (figured  on  pi.  73);  it  therefore  dates  from  1857. 

Discussion.  Quenstedt’s  original  description  was  responsible  for  much  of  the  subsequent 
confusion,  later  authors  being  divided  on  two  fundamental  points:  {a)  the  structure  of 
the  wall,  {b)  the  presence  or  absence  of  an  initial  coil.  Barnard  (1958)  did  a great  deal 
to  clarify  the  systematic  position  of  this  genus  but  unfortunately  he  examined  neither 
type  nor  topotype  specimens.  His  statement  (1950,  p.  378)  that  the  wall  is  constructed 
of  fibrous  calcite  was  not  supported  by  figures,  but  he  has  kindly  made  material  available 
so  that  illustrations  can  be  given  here.  There  is  an  inconsistency  in  his  descriptions  of  the 
morphology  of  the  juvenile  stages  of  Bullopora  rostrata.  In  describing  (1948)  B.  rostrata 
Quenstedt  and  B.  globulata  Barnard  from  the  Lower  Lias,  he  gave  the  impression  that 
both  species  have  tests  formed  of  a linear  series  of  chambers;  no  mention  was  made  of 
a coil  and  none  was  figured.  However,  in  his  description  of  B.  rostrata  from  the  Oxford 
Clay  ( 1952,  p.  349)  he  states  that  ‘The  initial  end  consists  of  a hemispherical  proloculum 
followed  by  a rather  thick  tube  of  about  one  turn’.  This  presumably  indicates  a coil. 
However,  the  two  figured  specimens  (1952,  B8)  show  no  such  tube;  in  one  the  proloculus 
is  subspherical  but  has  a short  neck,  and  in  the  other  it  abuts  directly  against  the  second 
chamber.  Macfadyen  (1941)  has  also  stated  that  B.  rostrata  has  an  initial  coil,  and  this 
was  accepted  by  Glaessner  (1945),  on  Macfadyen’s  authority,  as  a diagnostic  feature 
of  the  genus.  However,  a re-examination  of  Macfadyen’s  material  has  shown  that  all  his 
determinable  specimens  are  referable  to  Nubeculinella  bigot i.  As  Barnard  (1958)  has 
already  pointed  out,  most  of  the  specimens  Macfadyen  described  were  from  the 
Oxford  Clay. 
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In  his  original  description  of  B.  rostrata,  Quenstedt  does  not  mention  an  initial  coil 
nor  does  his  figure  show  one.  But  the  accuracy  of  his  figure  (1857,  pi.  73,  fig.  28)  is  sus- 
pect since  chambers  4-7  appear  to  be  reversed;  they  begin  with  a narrow  neck  and  expand 
distally,  a most  unusual  mode  of  growth  if  correctly  depicted.  Nothing  is  said  regarding 
the  nature  of  the  test  wall  except  for  statements  earlier  (pp.  292,  554)  that  it  is  light  or 
white  in  colour.  This  is  suggestive,  but  nothing  more,  of  a porcellaneous  form.  Later 
authors  did  not  examine  Quenstedt’s  material  and  his  specimens  were  eventually  lost. 
Over  100  years  elapsed  before  topotype  material  was  examined  and  a neotype  selected 
(Seibold  and  Seibold  1960).  Through  the  kindness  of  Dr.  I.  Seibold  the  writer  was  able 
to  examine  a topotype  specimen  and  to  compare  it  directly  with  Upper  Jurassic  specimens 
from  Britain.  The  agreement  was  excellent.  Externally,  the  test  could  be  seen  to  be 
vitreous,  and  although  it  was  not  possible  to  section  the  German  specimen,  sections  of 
the  British  specimens  showed  that  the  wall  had  a radiate  fibrous  structure.  It  has  not  yet 
been  possible  to  decide  whether  the  fibrous  structure,  seen  under  low  and  medium 
magnifications  of  the  microscope,  is  produced  by  fibres  of  calcite  with  their  axes  normal 
to  the  surface  of  the  test  or  by  the  presence  of  large  numbers  of  minute  canals  likewise 
aligned  perpendicularly  to  the  surface.  The  topotype  specimen  began  with  a subspherical 
proloculus  followed  by  nine  aludel-shaped  chambers,  each  of  which  terminated  in  a 
distinct  neck:  the  tapering  of  the  chambers  was  much  more  rapid  in  the  juvenile  stage 
than  in  the  adult.  The  neotype  (1960,  pi.  7,  fig.  14)  is  similar  but  apparently  lacks  the 
proloculus.  Neither  the  German  specimens  nor  the  British  ones  show  any  sign  of  an 
initial  coil,  and  it  may  therefore  be  asserted  that  no  such  coil  exists.  In  the  light  of  this 
information,  the  following  diagnosis  of  the  genus  BuUopora  is  proposed. 

Emended  diagnosis.  Test  adherent,  consisting  of  a linear  or  curvilinear  series  of  chambers 
which  are  variable  in  shape  but  commonly  subglobular  or  pyriform.  Proloculus  separate 
from,  or  partially  embraced  by,  the  second  chamber.  There  is  no  initial  coil.  Wall  cal- 
careous, vitreous  in  appearance  when  well  preserved,  probably  perforate;  in  thin  section 
showing  its  radiate  fibrous  structure. 

Ajfinities  of  die  genus.  Bidlopora  has  previously  been  assigned  to  at  least  three  different 
families,  the  most  recent  suggestion  being  that  of  Barnard  (1958)  who  advanced  cogent 
arguments  for  placing  it  in  the  Lagenidae.  It  may,  however,  still  be  argued  that  BuUopora 
should  be  placed  in  the  family  Polymorphinidae  as  Cushman  (1948)  did  when  he  assumed 
it  to  be  an  aberrant  polymorphinid  that  had  lost  the  typical  spiral  arrangement  of  its 
chambers  and  adopted  an  adherent  mode  of  life.  But  against  this  must  be  set  the  fact 
that  BuUopora  and  the  earliest-known  member  of  the  Polymorphinidae,  Eoguttulina, 
occur  together  in  the  Lower  Lias;  however,  Oberhauser  (1960)  has  recently  shown  that 
Eoguttulina  cf.  Uassica  ranges  down  into  the  Trias  of  Switzerland.  Wall  structure  apart, 
BuUopora  and  Eoguttulina  bear  little  resemblance  to  one  another  and  it  is  hard  to  believe 
that  the  first  off-shoot  of  the  latter  was  such  an  unusual  form.  On  the  other  hand,  in 
Lower  Lias  times  the  lagenids  were  already  well  established  and  were  showing  consider- 
able morphological  variation.  An  ‘aberrant’  attached  form  thus  occasions  no  surprise. 
Moreover,  as  Barnard  (1949,  1958)  has  shown,  certain  undoubted  lagenids  (referred  in 
1957  to  the  new  genus  and  species  Tentifrons  barnardi  by  Loeblich  and  Tappan)  adopted 
an  adherent  mode  of  life  in  the  late  Cretaceous. 

Avinmelech  and  Reiss  (1954)  having  relied  in  good  faith  on  earlier,  but  erroneous. 
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accounts  for  the  diagnostic  characters  of  Bullopora,  wrongly  attributed  their  new  species 
{B.  negevensis)  to  this  genus.  Their  proposed  classification  of  the  imperforate  calcareous 
adherent  Foraminifera  is  undermined  by  such  statements  as  (p.  838)  ‘ the  homoeomorphic 
perforated  Webbina  and  Vilriwebbina  &c.  are  entirely  diflerent  from  BuUopora  and  taxo- 
nomically  distinct’. 


Genus  vitriwebbina  Chapman  1892 
Type  species.  Vitriwebbina  sollasi  Chapman  1892. 

Vitriwebbina  was  erected  to  include  species  from  the  Lower  Cretaceous  (Cambridge 
Greensand  and  Gault)  described  by  Sollas  1877  and  Chapman  1892  respectively.  Both 
authors  state  that  the  shell  wall  is  finely  tubulated  and  the  former  gives  figures  of 
W.  tuberculata  Sollas  showing  vertical  canals;  his  figures  of  W.  laevis  Sollas  were  un- 
fortunately rather  poor,  the  tests  only  being  shown  in  outline.  This  led  Chapman  to  mis- 
interpret Sollas’s  description  when  he  discovered,  as  he  thought,  two  groups  of  smooth 
calcareous  adherent  Foraminifera  in  the  Gault.  He  referred  the  specimens  in  one  of  these 
groups  to  V.  laevis  (Sollas)  and  the  others  to  a new  species,  V.  sollasi.  The  latter  was 
described  as  having  a pitted  surface  and  an  external  flange.  The  two  specimens  assigned 
to  V.  laevis  possessed  neither  of  these  characters.  Later  authors  accepted  Chapman’s 
description  of  F.  laevis  (Sollas)  as  this  seemed  better  than  the  original.  However,  Sollas’s 
material  has  recently  been  located  in  the  University  Geological  Museum,  Oxford,  and 
on  comparing  this  with  the  original  figures  of  W.  laevis  and  with  Chapman’s  Gault 
specimens,  it  is  immediately  obvious  that  the  first  description  was  inadequate.  (This  is 
not  really  surprising  since  Sollas’s  intention  was  only  to  differentiate  between  W.  laevis 
and  W.  tubereulata.)  It  so  happens  that  some  of  the  specimens  described  as  W.  laevis  by 
Sollas  are  in  no  way  different  from  those  Chapman  described  as  V.  sollasi.  Most  speci- 
mens have  an  external  basal  flange  round  each  chamber  and  all  have  a thin  basal  wall. 
According  to  Chapman,  a primary  feature  for  distinguishing  between  these  two  species 
is  the  pitting  of  the  surface  which  occurs  in  V.  sollasi  (the  surface  of  V.  laevis  is  said  to 
be  smooth).  A re-examination  of  the  types  has  revealed  that  Chapman  mistook  a mosaic 
recrystallization  pattern  in  the  sediment  infilling  the  chambers,  for  pitting  of  the  wall. 
Empty  chambers  appear  vitreous,  and  infilled  chambers  opaque  when  viewed  by  reflected 
light.  Pseudo-pitting  shows  up  quite  well  in  Barnard’s  illustration  of  one  of  Chapman’s 
specimens  (Barnard  1958,  pi.  24,  fig.  2).  It  is  therefore  concluded  that  V.  sollasi  Chapman 
is  a junior  subjective  synonym  of  V.  laevis  (Sollas). 

Cushman  (1940)  placed  Vitriwebbina  in  synonymy  with  BuUopora  Quenstedt  but  did 
not  give  his  reasons.  Barnard  (1958)  followed  Cushman  in  regarding  Vitriwebbina  as 
a junior  synonym  of  BuUopora,  but  then  removed  BuUopora  from  the  family  Poly- 
morphinidae  and  placed  it  in  the  family  Lagenidae.  However,  Chapman  (1896)  stated 
explicitly  that  Vitriwebbina  had  a polymorphine  initial  end,  a feature  which,  if  present, 
would  certainly  exclude  it  from  the  Lagenidae.  It  follows,  therefore,  either  that  Vitri- 
webbina and  BuUopora  are  not  synonymous,  or,  if  they  are,  that  Vitriwebbina  does  not 
have  an  initial  polymorphine  stage.  The  present  author,  after  examining  all  the  available 
material,  has  concluded  that  Chapman  was  incorrect  in  postulating  a polymorphine 
juvenile  stage  for  Vitriwebbina.  Most  specimens  consist  of  a simple  linear  or  curvilinear 
series  of  chambers,  but  a few  show  the  proloculus  completely  embraced  by  the  second 
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chamber,  a condition  that  produces  a superficial  polymorphine  appearance.  Typical 
specimens  of  this  type  in  the  B.M.  (N.H.)  collections  are  P5247  (Chapman  1896,  pi.  12, 
fig.  12)  and  P4922  (Vine  collection).  It  may  be  noted  that  the  syntypes  of  C.  sol/asi  do  not 
show  this  feature.  As  Barnard  (1958,  p.  121)  has  already  pointed  out,  complete  or  partial 
embracement  of  the  proloculus  by  the  second  chamber  is  a common  feature  amongst 
Jurassic  lagenids.  The  view  that  VitriwebbUm  is  a junior  synonym  of  Bullopora  may  there- 
fore be  accepted. 


Genus  calcitornella  Cushman  and  Waters  1928 
Type  species.  Calcitornella  elongata  Cushman  and  Waters  1928. 

Discussion.  Barnard  (1950)  has  described  some  Upper  Lias  Foraminifera  under  the  name 
Calcitornella  woodi  Barnard. 

According  to  the  original  description  of  this  genus  the  test  consists  of  a proloculus 
followed  by  a second  tubular  chamber.  This  second  chamber  is  clearly  depicted  in  the 
figure  of  the  type  specimen  (Cushman  and  Waters,  pi.  6,  fig.  5).  Barnard’s  specimens  are 
all  multi-chambered,  the  proloculus  being  followed  by  a large  number  of  aludel-shaped 
chambers  (Barnard  1950,  pi.  1,  figs.  3 and  4 and  text-fig.  1).  This  is  a fundamental  differ- 
ence and  precludes  their  assignment  to  Calcitornella.  Their  true  systematic  position  is 
discussed  below.  It  may  be  noted  that  all  other  records  of  Calcitornella  are  from  rocks  of 
Palaeozoic  age. 


Genus  nubeculinella  Cushman  1930 

Type  species.  Nubeculinella  bigoti  Cushman,  1930. 

Cushman’s  description  requires  only  slight  emendation  in  the  light  of  more  recent 
observations.  The  initial  coil,  instead  of  consisting  of  a single  chamber  wound  round 
the  proloculus,  consists  of  at  least  two  tubular  chambers  and  may  also  include  a small 
number  of  aludel-shaped  chambers.  The  whole  coil  may  thus  comprise  up  to  2 J whorls 
(text-fig.  1,  F and  g;  Plate  22,  figs.  6,  7).  In  addition,  it  seems  that  while  most  species  con- 
sist of  individuals  that  are  invariably  attached  throughout  life,  a few  may  include  some 
free-living  forms.  Cushman  recognized  that  the  wall  of  the  test  is  imperforate  but  since 
he  provided  no  figures  to  support  this,  a thin  section  is  reproduced  here  (Plate  22,  fig.  5). 

Sigal  (1952)  regarded  Nubeculinella  as  a junior  synonym  of  Bullopora,  but  as  Nubecu- 
linella has  an  imperforate  porcellaneous  wall  and  Bullopora  a vitreous  radiate  wall,  these 
genera  are  clearly  distinct. 

Genus  carixia  Macfadyen  1941 
Type  species.  Carixia  langi  Macfadyen,  1941. 

This  genus  is  easily  recognized  by  its  unusual  form.  In  his  diagnosis  Macfadyen  states,  ‘ An 
adherent  reticulation  of  unsegmented,  imperforate,  calcareous  tubes  set  in  a calcareous 
cement’.  It  resembles  no  other  known  Jurassic  genus  and  is  unlikely  to  be  confused  with 
any  of  those  described  above.  For  further  information  the  reader  is  referred  to  Mac- 
fadyen’s  original  description  to  which  nothing  can  be  added  here.  There  are  no  other 
published  records  of  the  genus  in  Britain. 


C.  G.  ADAMS:  CALCAREOUS  ADHERENT  EORAMINIEERA 


157 


REVIEW  OF  BRITISH  SPECIES 
Family  lagenidae 
Genus  bullopora  Quenstedt 
BuHopora  rostrata  Quenstedt  1857 
Plate  24,  fig.  4 

1857  Bullopora  rostrata  Quenstedt,  p.  580,  pi.  73,  fig.  28. 

1867  Wehbiua  irregularis  d’Orbigny;  Brady,  p.  105,  pi.  1,  figs.  2,  3. 
non  1891  Webbina  irregularis  d'Orbigny;  Crick  and  Sherborn,  p.  1 1,  pi.  2,  figs.  1,  2. 
non  1941  Bullopora  rostrata  Quenstedt;  Macfadyen,  p.  25,  pi.  1,  figs.  13-17. 

1948  Bullopora  cf.  rostrata  Quenstedt;  Barnard,  p.  377,  fig.  Id. 

1950  Bullopora  rostrata  Quenstedt;  Barnard,  p.  31. 

1952  Bullopora  rostrata  Quenstedt;  Barnard,  p.  348,  fig.  B8. 

1958  Bullopora  cf.  rostrata  Quenstedt;  Barnard,  pi.  24,  fig.  4. 

1960  Bullopora  rostrata  Quenstedt;  Seibold,  E.  and  Seibold,  1.,  p.  372,  pi.  7,  fig.  14. 

Description.  The  test  is  adherent,  calcareous,  vitreous,  perforate,  and  consists  of  up  to 
ten  chambers  arranged  in  a linear  series.  In  thin  section  the  wall  is  seen  to  have  a radiate 
fibrous  structure.  All  chambers  except  the  first  are  aludel  shaped,  and  each  tapers  to 
form  a thin  neck  which  connects  with  the  proximal  bulbous  portion  of  the  subsequent 
chamber.  The  aperture  is  terminal  and  simple.  The  proloculus  may  be  subspherical  or 
elongate,  and  may  or  may  not  possess  a neck. 

Remarks.  Barnard  (1948)  recorded  B.  cf.  rostrata  Quenstedt  from  the  Lower  Lias  of 
Dorset,  and  subsequently  (1950)  from  the  Upper  Lias  of  Northamptonshire.  The  present 
author  has  examined  Barnard’s  Lower  Lias  specimens  and  considers  that  although  they 
are  not  so  highly  developed  as  the  Upper  Jurassic  forms  they  are  nevertheless  more 
like  typical  B.  rostrata  than  they  are  like  B.  globulata  Barnard,  the  only  other  known 
Lower  Jurassic  representative  of  the  genus.  Both  specimens  (P39936,  P39963)  have 
well-developed  necks  on  each  chamber;  the  former  is  very  large,  over  5 mm.  long. 

Occurrence.  Lower  Lias  to  Kimmeridgian  (also  recorded  from  the  Cretaceous); 
apparently  uncommon  until  Upper  Lias  times. 

BuUopora  rostrata  Quenstedt  var.  irregularis  var.  nov. 

Plate  24,  figs.  7,  8,  10,  13 

Description.  The  test  is  adherent,  calcareous,  vitreous,  perforate,  and  consists  of  up  to 
seven  chambers.  The  early  chambers  are  like  those  of  B.  rostrata  but  the  later  ones  be- 
come larger,  more  irregular  in  shape  and  resemble  those  of  Ramulina.  The  later  chambers 
are  sometimes  tuberculate;  necks  may  be  present  or  absent.  No  branching,  such  as 
occurs  in  Ramulina,  has  been  observed.  An  irregular  basal  flange  formed  by  finger-like 
calcareous  processes  from  the  wall  is  often  present. 


Occurrence.  Oxford  Clay  and  Kimmeridge  Clay. 
Material.  Sixteen  specimens;  none  complete. 


158 


PALAEONTOLOGY,  VOLUME  5 


Remarks.  This  variety  is  probably  the  precursor  of  Ramulina  Jones,  a genus  so  far  not 
recorded  from  rocks  older  than  the  Cretaceous  in  Britain. 

BuHopora  g/obu/ata  Barnard 

1948  Bullopora  globiilata  Barnard,  p.  378,  fig.  le. 

1950  Bullopora  globiilata  Barnard,  p.  32. 

Occurrence.  Lower  to  Upper  Lias;  the  only  British  records  are  those  quoted  above. 

Bullopora  globiilata  Barnard  var.  minima  var.  nov. 

Plate  24,  figs.  1-3,  5,  6 

1958  Bullopora  globiilata  Barnard;  Barnard  pi.  24,  fig.  5. 

Description.  The  test  usually  consists  of  from  three  to  eight — occasionally  up  to  twelve — 
inflated  chambers  arranged  in  a linear  or  curvilinear  series.  The  chambers  range  up  to 
0-30  mm.  in  maximum  diameter  but  are  usually  much  narrower : they  abut  closely  against 
one  another  and  are  almost  invariably  adherent  to  lamellibranch  shells.  In  some  cases 
there  is  a suggestion  of  a neck  separating  the  chambers,  but  this  is  rare.  The  proloculus 
is  subcircular  in  outline  and  is  inflated.  In  other  respects  this  variant  resembles  B.  glo- 
buiata  s.s. 

Remarks.  This  variant  is  much  smaller  than  typical  members  of  the  species.  Barnard’s 
(1949,  1950)  figured  specimens  of  B.  globiilata  are  all  fairly  large,  being  3 mm.  or  more 
long  at  the  seventh  chamber,  individual  chambers  being  up  to  0-6  mm.  in  diameter  and 
up  to  0-8  mm.  long.  A typical  specimen  of  this  new  variety  is  1-48  mm.  long  at  the  eighth 
chamber  and  has  chambers  not  exceeding  0- 1 7 mm.  in  maximum  diameter.  No  gradation 
in  size  to  typical  B.  globiilata  has  been  observed. 

Material.  Forty  specimens  from  Ashley  Down,  Gloucester,  and  Barnstone,  Notts. 

Occurrence.  Lower  Lias  (Ashley  Down,  Gloucester:  H.  B.  Brady  collection;  Barnstone, 
Notts.:  author’s  collection;  Lyme  Regis,  Dorset:  Barnard’s  personal  collection). 

Bullopora  laevis  (Sollas) 

Plate  23,  figs.  6-8;  plate  24,  figs.  9,  1 1 

1877  Webbina  laevis  Sollas,  p.  103,  pi.  6,  figs.  1-3. 

1892  Vitriwebbina  sollasi  Chapman,  p.  53,  pi.  2,  figs.  1-3. 

1896  Vitriwebbina  laevis  (Sollas);  Chapman,  p.  332,  fig.  3. 

1896  Vitriwebbina  sollasi  Chapman,  p.  586,  pi.  13,  fig.  I. 

71896  Vitriwebbina  laevis  (Sollas);  Chapman,  p.  585,  pi.  12,  fig.  12. 

1958  Bullopora  sollasi  (Chapman);  Barnard,  pi.  24,  fig.  2. 

Description.  The  test  is  adherent,  calcareous,  perforate,  and  consists  of  numerous 
inflated,  subglobular  chambers  the  last  few  of  which  may  be  rather  irregular  in  outline. 
The  wall  is  radiate  in  structure.  The  proloculus  is  globular  or  elongate  and  is  usually 
followed  by  three  to  five,  occasionally  up  to  eleven,  chambers  which  normally  increase 
gradually  in  size  and  meander  irregularly  over  the  surface  of  attachment.  There  is  no 
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initial  coil.  Each  chamber  has  a thin  basal  wall  and  usually  a narrow  external  flange. 
The  chambers  generally  abut  closely  one  against  the  other,  distinct  necks  being  rare. 

Lectolype.  The  specimen  deposited  in  the  Oxford  University  Geological  Museum 
(register  no.  K750)  and  illustrated  by  Sollas  (1877,  pi.  6,  fig.  1)  is  hereby  designated  lecto- 
type  of  Wehbina  laevis.  It  consists  of  a subglobular  proloculus  and  four  inflated,  rather 
elongate,  chambers:  these  are  empty  and,  therefore,  vitreous  in  appearance.  The  test  is 
bordered  by  a narrow  flange.  No  aperture  is  visible. 

Dimensions  of  the  lectotype.  Diameter  of  the  proloculus : OT  7 mm. ; diameter  of  the  third 
chamber:  0-3  X 045  mm.;  diameter  of  the  fifth  chamber:  0-33  X 0-60  mm. 

Remarks.  This  species  is  not  fundamentally  different  from  the  Jurassic  B.  globulata 
Barnard,  but  it  tends  to  have  fewer  and  larger  chambers  and  in  some  cases  to  adopt  a 
more  irregular  mode  of  growth.  The  early  Jurassic  representatives  of  B.  globulata  and 
the  early  Cretaceous  forms  of  B.  laevis  are  clearly  distinct,  the  former  having  five  or  more 
chambers,  the  latter  usually  five  or  less.  The  largest  specimen  known  to  the  author  is  in 
the  Vine  collection  (P.  4921 ):  it  has  twelve  chambers  most  of  which  have  short  necks. 

As  explained  earlier  Vitriwebbina  sollasi  Chapman  is  a junior  synonym  of  B.  laevis 
(Sollas). 

The  other  British  Cretaceous  species,  B.  tuberculata  (Sollas)  (Plate  24,  figs.  12,  14,  15), 
has  not  been  reported  from  the  Jurassic  but  tubercles  do  occur  on  B.  rostrata  var. 
irregularis.  It  may  be  noted  that  the  basal  wall  of  B.  tuberculata  is  fairly  thick  (Plate  24, 
fig.  12)  whilst  that  of  B.  laevis  is  invariably  thin  (Plate  23,  fig.  7;  plate  24,  fig.  1 1). 

Occurrence.  Cretaceous;  common  in  the  Gault  and  Cambridge  Greensand. 

Genera!  remarks  on  the  species  of  Bullopora 

It  is  impossible  to  give  definitions  of  the  various  species  of  Bullopora  that  are  at  the 
same  time  concise,  unambiguous,  and  all-embracing.  Barnard  (1958)  recognized  this  and 
used  letters  to  distinguish  some  of  the  forms  which  he  illustrated.  His  figure  D (1958, 
text-fig.  2),  for  example,  is  intermediate  between  B.  globulata  and  B.  rostrata.  This  text- 
figure  is  slightly  misleading  in  that  it  suggests  straight  evolution  from  B.  globulata  to 
B.  rostrata  during  the  Lias,  the  latter  species  not  appearing  until  Upper  Lias  times.  But,  as 
stated  earlier,  Barnard  (1948,  fig.  \d)  has  himself  recorded  B.  cf.  rostrata  from  the  Lower 
Lias  of  Dorset  where  it  occurs  alongside  B.  globulata.  In  addition,  a specimen  referable 
to  B.  globulata  var.  minima  (P44679  Lr.  Lias,  Tolcis,  Devon)  is  known  in  which  the  four 
distal  chambers  (there  are  nine  in  all)  are  identical  in  shape  with  those  of  typical 
B.  rostrata.  It  is  nevertheless  true  to  say  that  the  common  species  in  the  Lower  Lias  is 
B.  globulata,  and  that  in  strata  of  Upper  Lias  to  Kimmeridge  age  it  is  B.  rostrata  that 
appears  most  frequently. 

Barnard  (1958,  p.  123)  has  hinted  that  B.  laevis  (Sollas)  is  synonymous  with  B.  glo- 
bulata Barnard;  if  this  is  so,  then  on  taxonomic  grounds  it  is  the  latter  name  that 
should  be  allowed  to  lapse.  However,  although  the  writer  agrees  with  Barnard  that  the 
Cretaceous  B.  laevis  is  an  evolved  form  of  B.  globulata,  the  fact  remains  that  there  are 
distinct  differences  between  the  early  Cretaceous  and  early  Jurassic  forms.  It  is,  therefore, 
useful  to  retain  the  two  names,  at  least  for  the  time  being,  and  to  regard  the  base  of  the 
Cretaceous  as  a convenient,  if  arbitrary,  dividing  line  between  the  two. 
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Family  ophthalmidiidae 

Genus  carixia  Macfadyen 

Carixia  langi  Macfadyen 

1941  Carixia  langi  Macfadyen,  p.  28,  pi.  1,  figs.  18-20. 

71958  Carixia  langi  Macfadyen;  Drexler,  p.  491. 

Remarks.  Since  Macfadyen’s  discovery  of  this  species  no  further  records  of  it  have  been 
published  in  this  country.  Drexler  (1958)  has  recorded  it  from  the  Lias  a of  Siebeldingen/ 
Pfalz.  However,  she  did  not  figure  her  specimens  and  reported  merely  that  the  tubes  were 
imperforate,  calcareous,  and  unsegmented.  She  quoted  the  tube  diameter  as  ranging 
from  0-08  to  0-10  mm.,  her  smallest  specimens  thus  having  almost  three  times  the  tube 
diameter  of  Macfadyen’s  largest  (0-03  mm.).  Macfadyen  tentatively  assigned  this  species 
to  the  family  Ophthalmidiidae.  Drexler  assigned  hers  to  the  Silicinidae  but  without 
giving  any  reason. 

The  present  author  has  re-examined  Macfadyen’s  material  but  can  add  little  to  the 
original  description.  Macfadyen  stated  that  the  tubes  were  imperforate  but  relied  on 
their  external  appearance  as  evidence  for  this.  He  also  said  (p.  29)  that  ‘the  tubes  appear 
glassy’.  Since  a glassy  or  vitreous  appearance  usually  characterizes  perforate  rather  than 
imperforate  tests  a few  specimens  have  recently  been  sectioned.  Viewed  by  transmitted 
light  the  wall  of  the  sectioned  specimens  appears  pale  brown  and  seems  to  be  structure- 
less. This  supports  Macfadyen’s  belief  that  it  is  imperforate.  It  should,  however,  be  noted 
that  good  sections  of  such  minute  specimens  are  very  difficult  to  obtain.  Further  sections 
will  therefore  be  desirable  when  new  material  becomes  available.  For  the  time  being, 
Carixia  should  be  retained  in  the  Ophthalmidiidae. 

Genus  nubecularia  Defiance 
Nubecularia  triloculina  Ten  Dam 
Plate  21,  figs.  7-11 ; text-figs.  1 a~c 

1860  Nubecularia  lucifuga  Defiance;  Jones  and  Parker,  p.  455,  pi.  20,  figs.  52-56. 

1950  Nubecularia  triloculina  Ten  Dam,  p.  19  (not  pi.  1,  fig.  22). 

1950  Calcitornella  woocii  Barnard,  p.  6,  figs,  la,  b,  pi.  1,  figs.  3,  4. 

Description.  Test  calcareous,  imperforate,  porcellaneous;  usually  found  free  but  during 
life  adherent  to  foreign  objects:  composed  of  a spherical  or  subspherical  proloculus  and 
a second  chamber  of  about  one  turn,  followed  by  a series  of  aludel-shaped  chambers 
initially  coiled  in  a fairly  tight  planispire.  Later  chambers  often  adopt  a more  irregular, 
meandrine  mode  of  growth  and  may  cross  the  earlier  whorls.  Complete  uncoiling  in  the 
adult  stage  is  rare.  There  may  be  up  to  sixteen  chambers  in  all,  irregular  growth  beginning 
at  any  time  after  the  seventh.  The  number  of  chambers  per  whorl  in  the  juvenile  stage 
ranges  from  two  to  four,  there  normally  being  an  increase  as  growth  proceeds.  The  cham- 
ber pattern  is  not  normally  visible  on  the  upper  surface  but  can  usually  be  distinguished 
on  the  under  side  which  is  only  covered  by  a very  thin  basal  wall.  In  many  specimens 
this  wall  is  lost  owing  to  post-depositional  abrasion.  There  are  no  septa.  The  tests  range 
up  to  about  0-4  mm.  in  diameter.  Chamber  shape  varies  considerably  but  the  proximal 
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end  is  usually  bulbous,  the  walls  then  tapering  to  form  a narrow  tube  distally.  Aperture 
terminal,  simple. 

Remarks.  Jones  and  Parker  (1860)  first  recorded  this  species  under  the  name  Nuhecularia 
lucifuga  Defrance.  Later,  Ten  Dam  (1950)  proposed  a new  name,  N.  triloculina,  for  Jones 
and  Parker’s  specimens  when  describing  rather  similar  Foraminifera  from  the  Albian 


TEXT-FIG.  1.  Line  drawings  showing  internal  structure  of  specimens  immersed  in  a clarifying  medium 
(clove  oil).  Chamber  walls  dotted,  a-c,  Nubecularia  triloculina  Ten  Dam,  x89.  Lower  surfaces 
showing  the  shape  of  the  chambers  and  the  variation  in  coiling.  In  c the  eleventh  chamber  is  obscured 
as  it  lies  on  the  upper  surface  of  the  test.  All  specimens  from  the  Upper  Lias,  Risby  Warren,  north 
Lincolnshire;  P44661-3.  d,  Niibeculinella  bigoti  Cushman,  x85.  Juvenile  stage  of  a detached  speci- 
men; note  the  short  narrow  second  chamber  and  the  long  third  chamber  (see  also  Plate  23,  fig.  1). 
Middle  Oxford  Clay,  Woodham  Brick  Pit,  nr.  Aylesbury,  Buckinghamshire;  P44655.  e,  Niibeculinella 
tibia  (Jones  and  Parker),  X 85.  Lectotype,  P41672  (see  also  Plate  23,  figs.  4 and  5).  f,  g,  Niibeculinella 
bigoti  Cushman,  X88.  Initial  ends  of  the  specimens  illustrated  on  Plate  22,  figs.  7 and  6;  f is  infilled 
with  pyrite  which  obscures  the  finer  detail  of  the  coil,  u,  i,  Niibeculinella  tibia  (Jones  and  Parker)  var. 
bacitlaris  (Issler),  x 50  (see  also  Plate  23,  figs.  17,  19).  Upper  Lias,  Risby  Warren,  north  Lincolnshire. 

of  the  Pays-Bas.  Unfortunately,  instead  of  examining  the  original  specimens,  he  relied 
on  Jones  and  Parker’s  figures  and  on  their  inadequate  description.  He  was  thus  misled 
into  believing  that  the  British  specimens  were  the  same  as  those  he  had  obtained  from  the 
Lower  Cretaceous  of  the  Netherlands.  Barnard  (1950)  erected  a new  name,  Calcitornella 
woodi,  for  specimens  from  the  Upper  Lias  of  Byfield,  and  placed  Jones  and  Parker’s 
specimens  in  synonymy  with  this  new  species.  (For  the  reasons  given  above,  the  Lias 
specimens  are  here  assigned  to  Nubecularia  instead  of  to  Calcitornella.)  It  is  unfortunate 
that  Ten  Dam’s  taxon  should  have  priority  over  Barnard’s  since  the  latter  had  the 
better  description.  However,  Barnard’s  paper  was  not  published  until  28  December  whilst 
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Ten  Dam’s  appeared  prior  to  22  December,  the  day  it  was  received  in  the  library  of  the 
British  Museum  (Natural  History).  The  name  ' triloculina'  is  misleading  since  the 
presence  of  three  chambers  per  whorl  in  the  adult  stage  is  not  a constant  character  of 
this  species. 

Ten  Dam  based  his  species  on  the  five  figured  specimens  of  Jones  and  Parker  which, 
therefore,  became  syntypes.  The  present  author  hereby  selects  one  of  these  specimens 
(Jones  and  Parker  1860,  pi.  20,  fig.  54;  now  registered  as  P44635)  as  the  lectotype  of 
Nubecularia  triloculina  Ten  Dam  (Plate  21,  fig.  9). 

It  may  be  noted  that  Ten  Dam  sought  to  show  on  the  evidence  of  this  one  species 
that  Jones  and  Parker’s  material  (originally  believed  to  have  come  from  the  Trias  of 
Chellaston,  Derbyshire)  was  in  fact  Lower  Cretaceous  in  age.  In  this  he  was  mistaken. 
Not  only  did  Jones  (1895,  p.  161)  admit  that  the  sample  must  have  come  from  the  Lias, 
but  all  British  workers  who  have  made  special  studies  of  Liassic  Foraminifera  (Crick 
and  Sherborn  1891,  Macfadyen  1941,  Barnard  1948  et  seq.,  Adams  1957)  are  agreed  that 
the  ‘Chellaston’  sample  is  of  Lias  age.  It  contains  a typical  Upper  Lias  foraminiferal 
assemblage  for  eastern  England  and  could  not  possibly  have  come  from  any  other  sys- 
tem. The  slides  containing  Jones  and  Parker’s  foraminifera  are  preserved  in  the  British 
Museum  (Natural  History)  and  are  labelled  by  Jones,  from  the  ‘Lias  of  Leicestershire’. 
For  further  details  concerning  the  origin  of  this  material  see  Macfadyen  (1941,  p.  8). 

Nubecularia  triloculina  Ten  Dam  differs  from  N.  mazoriensis  Bielecka  and  Pozoryski 
(1954),  from  the  Upper  Malm  of  Poland,  in  having  fewer  chambers,  only  one  aperture, 
and  in  being  less  regularly  coiled. 

Occurrence.  Upper  Lias. 

Genus  nubeculinella  Cushman 

Nubeculinella  bigot!  Cushman 
Plate  22,  figs.  1-7;  text-fig.  Id,  g,  f 

1888  Webbina  irregularis  d’Orbigny;  Sherborn,  p.  332. 

1930  Nubeculinella  bigoti  Cushman,  p.  134,  pi.  4,  figs.  3-4. 

1941  Bullopora  rostrata  Quenstedt;  Macfadyen,  p.  25,  pi.  1,  figs.  14-16,  ?fig.  13,  not  fig.  17. 

1953  Nubeculiuella  bigoti  Cushman;  Barnard,  p.  193,  fig.  Bl. 

1958  Nubeculiuella  bigoti  Cushman;  Barnard,  pi.  23,  fig.  1. 


EXPLANATION  OF  PLATE  22 

Figs.  1-7.  Nubeculinella  bigoti  Cushman.  1,  Felted  mass  of  specimens  on  a Gryphaea  shell,  x2. 
Oxford  Clay,  Weymouth,  Dorset;  P4100,  Jesson  collection  (see  also  fig.  3).  These  specimens  were 
described  and  figured  as  Webbina  irregularis  by  C.  D.  Sherborn  in  1888.  2,  Scattered  specimens  on 
a Gryphaea  shell,  X 3.  Oxford  Clay,  St.  Ives,  Huntingdonshire;  P4864.  3,  Part  of  fig.  1 ; X27.  The 
drum-like  chambers  and  the  initial  coil  comprising  several  chambers  are  clearly  visible;  P4100. 
4,  Part  of  fig.  2;  x25.  Note  the  more  pyriform  chambers  and  simpler  initial  coil  than  in  fig.  3; 
P4864.  5,  Oblique  thin  section  through  two  chambers  of  a specimen  from  the  Middle  Oxford  Clay, 
Woodham  Brick  Company’s  Pit,  nr.  Aylesbury,  Buckinghamshire;  x 170.  The  thin  basal  wall  is 
just  visible  and  the  porcellaneous  nature  of  the  entire  wall  is  quite  clear;  P44654.  6,  7,  Specimens 
attached  to  the  same  Gryphaea  shell  (P43360);  Both  x26.  Initial  coils  comprising  more  than  four 
chambers  are  visible.  The  chambers  are  relatively  poorly  defined  in  fig.  6;  in  shape  they  are  inter- 
mediate between  those  seen  in  figs.  3 and  4.  For  details  of  the  juvenile  stages  see  text-figs.  1,  F and  G. 
Middle  Oxford  Clay,  Woodham  Brick  Company’s  Pit,  nr.  Aylesbury,  Buckinghamshire. 
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Description.  The  test  is  calcareous,  imperforate,  and  porcellaneous.  1 1 comprises  an  initial 
coil  of  from  two  to  seven  chambers  and  an  uncoiled  linear  portion  of  seven  to  nineteen 
chambers.  The  subspherical  proloculus  is  followed  by  a narrow  tube-like  chamber 
a turn  in  length  which  is  only  visible  when  the  test  is  freed  from  its  surface  of  attachment 
and  examined  in  a clarifying  medium.  The  third  chamber  is  larger,  being  1-1 J turns 
in  length.  The  terminal  portion  of  this  chamber  may  bend  away  from  the  proloculus 
(text-fig.  Id)  or  may  continue  the  coil.  In  the  latter  case  it  is  succeeded  by  at  least  three 
aludel-shaped  chambers  which  complete  the  second  whorl.  The  uncoiled  portion  may  be 
fairly  straight  or  highly  irregular.  A basal  wall  is  present  but  is  always  fairly  thin. 

Variation.  In  his  original  description  of  this  species  Cushman  (1930)  described  the  cham- 
bers as  ‘elliptiques  en  contour  mais  devenant  irregulieres’.  He  figured  one  specimen 
(1930,  fig.  2)  with  chambers  of  indefinite  shape  and  another  (1930,  fig.  3)  with  more 
regular  chambers  separated  by  constrictions  of  the  wall. 

A study  of  numerous  specimens  from  the  Oxford  Clay  has  revealed  that  the  chamber 
shape  is  highly  variable.  Sometimes  the  chambers  are  drum-like  (Plate  22,  fig.  3),  abut- 
ting closely  against  one  another  and  therefore  without  necks,  at  others  they  are  aludel- 
shaped  (Plate  22,  fig.  4),  each  chamber  then  terminating  in  a distinct  neck.  There  is 
gradation  between  these  two  types  (Plate  22,  figs.  6,  7).  In  extreme  cases  the  chambers 
become  so  elongate  or  irregular  that  they  appear  almost  shapeless.  In  general,  specimens 
attached  to  the  same  shell  fragment  tend  to  be  more  or  less  of  the  same  shape.  Specimens 
sometimes  occur  in  such  profusion  on  Gryphaea  shells  that  they  form  felted  masses  on 
the  surface  (Plate  22,  fig.  1). 

Remarks.  Sherborn  (1888«)  recorded  Webbina  irregularis  (d’Orbigny)  from  the  Oxford 
Clay  of  Weymouth.  His  specimens  (Plate  22,  figs.  1,  3)  were  attached  to  the  larger  valve 
of  a Gryphaea  and  are  now  preserved  in  the  British  Museum  (Natural  History)  (P4100). 
Sherborn  states  (p.  333)  that  ‘the  specimens  of  this  finely  arenaceous  foraminifera  do  not 
call  for  any  special  notice’.  He  figured  about  a dozen  specimens  which,  although  irregu- 
lar in  their  mode  of  growth,  are  shown  as  linear  series  of  chambers  without  initial  coils. 
Examination  of  the  original  material  has  shown  that  the  specimens  are  not  arenaceous, 
and  that  when  complete  they  do  possess  initial  coils.  The  chambers  tend  mainly  to  be 
drum-like  rather  than  aludel-shaped  (Plate  22,  fig.  3)  but  a certain  amount  of  gradation 
occurs. 

Occurrence.  ?Lower  Lias,  Upper  Lias  to  Kimmeridgian.  Very  common  in  the  Middle 
Jurassic  and  Oxford  Clay.  Specimens  from  the  Kimmeridge  Clay  are  in  the  Mockler 
collection,  British  Museum  (Natural  History).  A few  specimens  possibly  referable  to  this 
species  are  known  from  the  Lower  Lias  (Barnard  collection  P39965  and  Macfadyen 
collection  P34893). 


Nubeculinella  bigoti  var.  filiformis  Paalzow 

1931  Nubeculinella  filiformis  Paalzow,  pp.  5,  7,  pi.  1,  fig.  5. 

1932  Nubeculinella  filiformis  Paalzow;  Paalzow,  p.  97,  pi.  5,  fig.  3. 

1958  Nubeculinella  filiformis  Paalzow;  Barnard,  pi.  23,  fig.  3. 

Remarks.  N.  filiformis  Paalzow  has  never  been  described  from  Britain  although  Barnard 
(1958)  has  figured  one  specimen  from  the  Upper  Lias.  There  appears  to  be  no  important 
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difference  between  N.  bigoti  and  N.  filifonnis,  the  distinction  being  purely  one  of  cham- 
ber shape  and  length,  the  former  having  more  conspicuous  constrictions  between  the 
chambers  than  the  latter;  N.  filifonnis  is  here,  therefore,  accorded  only  varietal  rank. 

Occurrence.  Upper  Lias. 


NubeeiilineUa  tibia  (Jones  and  Parker) 

Plate  23,  figs.  4,  5,  10-13;  text-fig.  Ie 

1860  Niibeciilaria  htcifuga  Defrance  var.  tibia  Jones  and  Parker,  p.  455,  pi.  20,  figs.  49-51  only. 

Description.  The  test  is  usually  found  free.  It  is  composed  of  a relatively  small  number 
of  chambers  (about  six)  which  are  initially  closely  but  irregularly  coiled,  and  which  later 
become  uncoiled  and  rectilinear  or  irregular.  The  proloculus  is  subglobular  and  is 
followed  by  a second  chamber  which  may  make  up  to  one  complete  turn.  All  subsequent 
chambers  are  widest  proximally  and  taper  distally  to  form  narrow  elongate  tubes.  The 
surface  of  the  test  appears  smooth,  only  the  outline  of  the  last  two  or  three  chambers 
being  visible  externally.  The  initial  coil  can  only  be  seen  clearly  after  immersion  in  a 
clarifying  medium.  Wall  opaque,  porcellaneous,  imperforate.  Aperture  terminal,  simple, 
round  or  oval. 

Remarks.  Relatively  few  specimens  have  the  coil  preserved,  the  majority  comprising 
only  the  last  few  chambers. 

Of  the  four  specimens  figured  by  Jones  and  Parker,  one  (fig.  48)  is  pustulose  and  should 
be  referred  to  N.  tibia  var.  bulbifera  (Paalzow).  A few  years  ago  Dr.  A.  R.  Loeblich 
selected  one  of  the  syntypes  (P41672)  for  designation  as  lectotype  of  N.  tibia,  but  his  work 
was  never  published.  The  present  writer  therefore  chooses  the  same  specimen  (P41672), 


EXPLANATION  OF  PLATE  23 

Fig.  1.  NubeeiilineUa  bigoti  Cushman,  X 100.  Photograph  of  specimen  immersed  in  clove  oil.  Middle 
Oxford  Clay,  Woodham  Brick  Company’s  Pit,  nr.  Aylesbury,  Buckinghamshire;  P44655  (see  also 
text-fig.  1 D). 

Figs.  2,  3.  Niibeciilaria  trilociiliiia  Ten  Dam.  2,  Under  surface  of  lectotype  (retouched):  x95. 
3,  Pencil  drawing  of  the  specimen  as  seen  in  a clarifying  medium.  P44635;  for  upper  surface  see 
plate  21,  fig.  9. 

Figs.  4,  5.  Niibeciiliiiella  tibia  (Jones  and  Parker).  Lectotype;  X 100.  4,  External  view.  5,  The  same 
specimen  in  a clarifying  medium.  P41672;  for  further  details  of  the  initial  coil  see  text-fig.  1,  e. 
Lias,  ‘Chellaston,  Derby’. 

Figs.  6-8.  Biillopora  laevis  (Sollas).  6,  Lectotype;  X 26  Webbiiia  laevis  Sollas  1877,  pi.  vi,  fig.  1], 
Oxford  University  Museum,  K750;  Cambridge  Greensand.  7,  Paratype,  showing  the  fibrous  wall 
structure  and  the  thin  basal  wall,  X 100.  8,  Part  of  the  wall,  x200.  Oxford  University  Museum, 
K749;  Cambridge  Greensand. 

Fig.  9.  NubeeiilineUa  tibia  (Jones  and  Parker)  var.  bulbifera  (Paalzow);  X 100.  Upper  Lias,  Risby 
Warren,  north  Lincolnshire. 

Figs.  10-13.  rA/u  (Jones  and  Parker);  x 100.  Upper  Lias,  Risby  Warren,  north  Lincoln- 

shire; P44657-60. 

Figs.  14,  17-19.  NubeeiilineUa  tibia  (Jones  and  Parker)  var.  baciilaris  (Issler);  X 100.  Upper  Lias, 
Risby  Warren,  north  Lincolnshire.  14,  Free-growing  end  chambers  broken  off  a larger  specimen; 
P44664.  17-19,  P44666-8.  The  spicule  to  which  the  specimen  is  attached  is  visible  in  fig.  19.  For 
details  of  inner  structure  see  text-fig.  1,  u,  i. 

Figs.  15,  16.  Incertae  sedis,  X 100.  Upper  Lias,  Risby  Warren,  north  Lincolnshire;  P44665. 
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and  hereby  designates  it  lectotype  of  Nubeculinella  tibia  (Jones  and  Parker).  It  is  a smooth 
form  which  shows  the  initial  coil  (Plate  23,  figs.  7,  8;  text-fig.  1e). 

In  some  recent  German  literature  there  are  references  to  this  species  under  the  name 
NodobaciiJaria  tibia,  Cushman  (1917)  having  designated  N.  tibia  as  the  type  species  of 
Nodobacularia  Rhumbler.  He  later  (1940)  placed  Nodobacidaria  in  synonymy  with 
BuUopora,  but  this  was  an  error,  since  N.  tibia  (Jones  and  Parker)  has  a wall  structure 
which  is  entirely  different  from  that  of  Bidlopora.  Macfadyen  (1939)  had  previously 
erected  a new  genus,  Nodophthalmidium,  to  include  recent  free-living  species  previously 
assigned  to  Nodobacidaria  as  he  considered  the  types  of  N.  tibia  to  be  broken  end 
chambers  of  Bidlopora  rostrata. 

N.  tibia  may  either  have  been  attached  to  seaweeds  during  life  or  enjoyed  a free  exist- 
ence on  the  sea  floor.  Some  specimens  show  no  sign  of  the  flattening  of  one  surface  (the 
under  side)  which  usually  characterizes  attached  forms.  However,  the  fact  that  a few 
individuals  were  probably  free-living  should  not  be  allowed  to  obscure  the  close  morpho- 
logical similarity  between  the  species  as  a whole  and  those  discussed  above.  The  use  of 
a separate  generic  title,  such  as  Nodobacidaria,  for  the  unattached  forms  of  the  Jurassic 
is  to  be  deprecated.  It  should  be  noted  that  the  lectotype  shows  the  flattening  typical  of 
attached  forms  on  the  under  side  of  the  terminal  chamber. 

Occurrence.  ? Lower  Lias,  Upper  Lias.  A single  attached  specimen  possibly  referable  to 
this  species  is  known  from  the  Lower  Lias  (Barnard  collection  P39965). 

Nubeeidinella  tibia  (Jones  and  Parker)  var.  baeidaris  (Issler) 

Plate  23,  figs.  14,  17-19;  text-figs.  In,  i 
1909  Ophthalmidium  bacularis  Issler,  p.  44,  pi.  1,  fig.  25. 

Deseription.  The  test  is  attached  to  a spicule.  It  comprises  a subspherical  proloeulus, 
followed  by  a second  tube-like  chamber  1 turn  in  length,  and  a series  of  elongate  aludel- 
shaped  chambers  which  leave  the  coil  and  meander  over  the  surface  of  attachment. 

Remarks.  Issler  (1909)  stated  that  the  stem  (spicule)  was  formed  of  the  same  material 
as  the  test  itself  and  could  not  be  a sponge  spicule.  His  specimen,  which  is  now  preserved 
in  this  museum  (P21106),  has  been  re-examined  and  found  to  be  an  attached  form. 
However,  mere  attachment  to  a spicule,  with  its  consequent  refleetion  in  the  shape  of 
the  test,  cannot  constitute  an  adequate  basis  for  the  erection  of  a new  species.  This  author 
regards  all  such  specimens  as  variants  of  N.  tibia,  a species  with  which  they  are  invariably 
associated. 

Occurrence.  Upper  Lias.  Fairly  common  in  north  Lincolnshire. 

Nubeeidinella  tibia  (Jones  and  Parker)  var.  bulbifera  (Paalzow) 

Plate  23,  fig.  9 

I860  Nithecidaria  liicifuga  Defiance  var.  tibia  Jones  and  Parker,  p.  455,  pi.  20,  fig.  48  only, 
cf.  1891  Nubecularia  nodulosa  Chapman,  p.  573,  pi.  9,  fig.  2. 

1932  Nodobacidaria  bulbifera  Paalzow,  p.  96,  pi.  5,  figs.  4-6. 

Description.  The  test  consists  of  two  or  three  chambers  forming  a rectilinear  series.  The 
proximal  end  of  each  chamber  is  swollen  and  covered  by  pustulose  outgrowths  of  the 
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wall.  From  the  swollen  region  there  extends  a tubular  neck  which  is  quite  smooth  and 
which  connects  with  the  thickened  end  of  the  subsequent  chamber.  The  under  surface  is 
slightly  flattened  and  is  not  always  completely  closed  by  the  ventral  wall,  a longitudinal 
slit  being  sometimes  visible.  Aperture  terminal,  simple.  Wall  calcareous,  porcellaneous, 
imperforate. 

Remarks.  The  tests  of  this  foraminifer  have  almost  invariably  been  found  in  a broken 
condition,  the  initial  part  (presumably  a coil)  never  having  been  seen.  So  far  as  can  be 
ascertained,  this  variant  differs  from  N.  tibia  sensu  slricto  only  in  the  pustulose  swellings 
on  the  proximal  portion  of  the  chambers,  a feature  which  may  have  been  produced  as 
an  aid  to  fixation.  It  is  possible  that  a pustulate  and  non-pustulate  condition  might  exist 
in  the  same  test,  the  proximal  chambers  being  non-pustulate,  the  distal  ones  pustulate. 
This  would  account  for  the  apparent  absence  of  the  initial  stages  in  the  samples  so  far 
examined. 

N.  tibia  var.  buJbifera  seems  to  differ  only  in  size  from  Nubeciilaria  nodulosa  Chapman 
of  the  Gault.  Otherwise  they  are  so  similar  that  they  must  surely  be  closely  related.  In 
this  connexion,  it  is  worth  noting  that  the  initial  stage  of  N.  nodulosa  has  likewise  never 
been  described.  Similar,  though  somewhat  larger  tests  also  occur  in  the  Oxford  Clay 
where  they  are  found  in  association  with  Nubecidinella  bigoti,  to  which  species  they  are 
probably  related. 

Occurrence.  Upper  Lias,  ? Oxford  Clay,  ? Lower  Cretaceous. 

Nubeculinella  sp. 

1937  Nubeculinella  infraoolithica  (Terquem);  Bartenstein  and  Brand,  p.  181,  pi.  6,  fig.  38a-c; 

pi.  8,  fig.  35a-f\  pi.  14B,  fig.  18n-Z);  pi.  14c,  fig.  15;  pi.  15c,  figs.  5a-d. 

1941  Bullopora  rostrata  Quenstedt;  Macfadyen,  p.  25,  pi.  1,  fig.  16  only. 

Description.  The  test  is  imperforate,  calcareous,  porcellaneous,  and  composed  of 
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Figs.  1-3,  5,  6.  Bullopora  glohulata  Barnard  var.  minima  var.  nov.  1,  2,  Lower  Lias,  Ashley  Down, 
Gloueester.  1,  x 25,  P44669.  2,  X 26,  P44670.  3,  X 25,  P4467I ; Lower  Lias,  Barnstone,  Notts.  5,  6, 
Thin  seetions  showing  fibrous  wall  strueture.  5,  P44673,  relatively  poorly  preserved;  Lower  Lias, 
Ashley  Down,  Gloucester;  X 65.  6,  P44678;  Lower  Lias,  Tolcis,  nr.  Axminster,  Devon;  X 143. 
Fig.  4.  Bullopora  rostrata  Quenstedt,  x25.  Upper  Oxford  Clay,  Oxford;  P44672. 

Figs.  7,  8,  10,  13.  Bullopora  rostrata  Quenstedt  var.  irregularis  var.  nov.  Tubercles  can  be  seen  on  figs. 
8 and  13;  the  irregular  shape  of  the  later  chambers  is  illustrated  by  figs.  7 and  10.  The  basal  wall 
can  be  seen  in  the  broken  terminal  chamber  of  fig.  10  and  in  the  first  chamber  of  fig.  8.  Finger-like 
calcareous  processes  forming  the  flange  are  visible  in  fig.  8.  7,  PI  1803,  X 24.  8,  PI  1864,  x24. 

10,  PI  1798,  x22.  13,  PI  1857,  X 24.  All  from  the  Kimmeridge  Clay  of  Bid’s  Hill,  Brill,  Bucking- 
hamshire. 

Figs.  9,  11.  Bullopora  laevis  (Sollas).  9,  Chambers  infilled  and  therefore  opaque;  narrow  flange 
present ; P44674  [ex.  P4447,  G.  R.  Vine  collection,  = Vitriwebbina  sollasi  Chapman,  Vine],  x 24. 

1 1,  Thin  section  of  the  same  specimen;  the  basal  wall  scarcely  visible,  X 65.  Cambridge  Greensand. 
Fig.  12,  14,  15.  Bullopora  tuberculata  (Sollas);  Cambridge  Greensand.  12,  Section  showing  the  radiate 

wall  structure,  the  flange,  and  the  basal  wall;  x 65.  Unfortunately  this  section  only  passed  through 
the  edge  of  one  tubercle  which  can  just  be  seen  on  the  right-hand  side.  P44675  (ex.  P4447,  G.  R.  Vine 
collection).  14,15,  Only  the  terminal  chamber  in  fig.  15  is  conspicuously  tuberculate.  Both  specimens 
are  flanged  but  this  is  not  very  clear  in  the  photographs.  14,  P44676  (ex.  P28271  H.  B.  Brady  collec- 
tion), X 25.  15,  P44677  (ex.  P 4447,  G.  R.  Vine  collection),  X 24. 
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numerous  aludel-shaped  chambers.  It  is  invariably  found  attached  to  echinoid  spines  or 
shell  fragments.  Growth  is  very  irregular.  The  later  chambers  tend  to  be  much  larger  than 
any  observed  in  the  foregoing  species.  An  initial  coil  is  present  but  it  has  not  proved 
feasible  to  study  it  in  detail.  It  is  possible  that  this  is  really  a very  large  form  of  N.  bigoti. 

Remarks.  Seibold  and  Seibold  (1960)  placed  B.  rostrata  Quenstedt  of  Macfadyen  (1941) 
in  synonymy  with  Nubecularia  tibia  Jones  and  Parker,  but  a direct  comparison  of  the 
original  specimens  described  by  these  authors  has  revealed  that  they  are  quite  different. 
The  Seibolds’  specimens  are  most  like  Macfadyen’s,  which  are  themselves  best  placed 
with  Nubecidinella.  It  is  possible  that  there  is  gradation  between  NiibeculineUa  sp.  and 
N.  tibia  var.  bacuJaris,  but  insufficient  material  is  available  to  verify  this.  Nubeculinella 
sp.  seems  to  be  distinguished  from  all  the  others  by  its  large  size  and  inflated,  elongate 
chambers. 

Occurrence.  Bathonian  to  Oxfordian. 

Remarks  on  the  species  o/ Nubeculinella 

The  presence  or  absence  of  a wall  on  the  under  surface  appears  to  be  a feature  of  no 
taxonomic  significance.  Although  almost  always  present,  it  is  invariably  so  thin  in  the 
attached  forms  that  it  can  very  easily  be  destroyed.  Attached  specimens  that  have  sub- 
sequently become  loose  are  often  found  to  be  incomplete  ventrally.  This  simply  reflects 
the  thinness  and  consequent  weakness  of  the  lower  wall.  The  use  of  the  generic  title 
Nodobacularia  is  only  justifiable  if  it  can  be  shown  that  a population  comprising  forms 
morphologically  indistinguishable  from  N.  tibia,  but  all  free  living,  has  existed.  Jones  and 
Parker  stated  definitely  that  their  specimens  of  N.  tibia  were  attached  during  life. 

Incertae  sedis 
Plate  23,  figs.  15,  16 

1941  Bullopora  rostrata  Quenstedt,  Macfadyen,  p.  25,  pi.  1,  figs,  \la-c. 

Remarks.  The  initial  part  of  the  test  is  always  missing;  the  remainder  consists  of  two 
or  three  elongate,  aludel-shaped  chambers.  Wall  imperforate,  porcellaneous:  aperture 
terminal,  simple. 

Broken  specimens  of  this  type  occur  commonly  in  the  Jurassic.  They  are  often,  per- 
haps always,  associated  with  species  of  OphthaJmidium  and/or  Nubecidinella.  In  view  of 
their  wall  structure  they  cannot  represent  the  end  chambers  of  any  species  of  Bullopora 
and  it  is  probable  that  they  constitute  a heterogeneous  assemblage  of  terminal  chambers 
belonging  to  various  species  of  Ophthalmidium  and  Nubeculinella. 

Occurrence.  Lower  Lias  to  Kjmmeridgian. 

CONCLUSIONS 

Four  genera  of  calcareous  adherent  Foraminifera  occur  in  the  British  Jurassic.  They 
are  represented  by  seven  species  and  five  varieties.  Bullopora  and  Nubeculinella  occur 
throughout  the  Jurassic  but  Nubecularia  has  not  so  far  been  recorded  below  the  Upper 
Lias. 

Bullopora  has  a radiate  fibrous  wall  but  no  initial  coil.  This  author  follows  Barnard 
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(1958)  in  assigning  it  to  the  Lagenidae.  Nubeciilaria  and  Nubecidinella  both  have  im- 
perforate porcellaneous  walls  and  initial  coils  but  differ  in  their  modes  of  growth;  they 
are  nevertheless  closely  related,  and  are  retained  in  the  family  Ophthalmidiidae  together 
with  Carixia.  The  differences  between  them  are  such  that  intermediate  forms  may  yet 
be  found.  The  attached  forms  of  all  species  possess  ventral  walls,  but  these  are  usually 
thin  and  can  easily  be  lost  if  the  specimens  become  detached.  None  of  the  species 
described  in  this  paper  possesses  septa.  Chamber  shape  is  highly  variable  and  depends 
to  some  extent  on  the  limitations  imposed  by  the  nature  and  size  of  the  objects  to  which 
the  specimens  are  adherent;  it  cannot  be  used  satisfactorily  as  a feature  in  morphological 
diagnosis.  It  is  theoretically  possible  for  a specimen  of  Nubecularia  trilociilina,  attached, 
for  example,  to  an  echinoid  spine,  to  grow  in  such  a manner  as  to  be  virtually  indistin- 
guishable from  Nubecularia  tibia  var.  bacularis.  Similarly,  it  might  prove  impossible  to 
differentiate  between  NubeculiueUa  and  BuUopora  (except  by  means  of  thin  sections)  if 
the  initial  ends  of  the  tests  were  obscured  by  irregularly  growing  later  chambers,  as  often 
happens  when  specimens  are  attached  to  spicules.  Indeed,  such  is  the  variation  amongst 
these  species  that  no  one  should  expect  to  be  able  to  identify  every  specimen  accurately. 
Only  well-preserved,  fully  grown  individuals  that  have  had  sufficient  space  to  develop 
properly,  and  which  do  not  have  their  juvenile  stages  obscured,  are  readily  determinable. 
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SPORES  WITH  BIFURCATE  PROCESSES  FROM  THE 
MIDDLE  OLD  RED  SANDSTONE  OF  SCOTLAND 

by  J.  B.  RICHARDSON 


Abstract.  Plant  spores  are  described  from  Middle  Old  Red  Sandstone  deposits  of  the  Orcadian  basin,  Scotland. 
The  genus  Ancyrospom  Richardson  1960  is  reinterpreted.  The  species  Hystricosporites  corystus,  Perotrilites 
bifwcatus,  Ancyrospora  longispinosa  are  new.  In  addition  the  most  numerous  spores  are  included  in  the  species 
Ancyrospora  ancyrea  (Eisenack)  comb.  nov.  which  is  subdivided  into  the  varieties  A.  ancyrea  var.  ancyrea  var. 
nov.,  A.  ancyrea  var.  brevispinosa  var.  nov.,  and  A.  ancyrea  var.  spinobaculata  var.  nov.  The  range  of  variation 
of  A.  ancyrea  is  described  in  detail  and  compared  at  two  different  horizons.  Finally  the  local  and  regional 
stratigraphic  distribution  of  all  these  spores  is  discussed  and  their  relative  importance  assessed.  A new  generic 
name  Calyptosporites  is  proposed,  in  place  of  Cosmosporites  Richardson  (preoccupied). 


Lang  (1925)  discovered  in  the  Cromarty  nodule  beds  a group  of  spores  with  anchor- 
shaped appendages,  which  he  designated  type  G.  Since  then  numerous  authors  have 
described  spores  with  similar  appendages  and  referred  them  to  this  type.  Although  this 
distinctive  ornamentation  is  similar  in  each  case  it  occurs  on  spores  of  various  structural 
organizations,  e.g.  azonate,  zonate,  cingulate,  and  monosaccate. 

Spores  with  bifurcate  processes  are  characteristic  of  Middle  and  Upper  Devonian 
deposits  of  many  areas  in  the  northern  hemisphere,  Canada,  U.S.A.,  Scotland,  Spits- 
bergen, France,  Germany,  and  the  U.S.S.R.  They  have  also  been  described  by  Luber 
(1955)  from  basal  Carboniferous  deposits  which  increases  the  likelihood  that  they  will 
be  found  in  other  Lower  Carboniferous  strata.  This  morphological  feature  is  neverthe- 
less highly  characteristic  of  Middle  and  Upper  Devonian  strata  (see  text-fig.  15)  and 
Luber  (1955)  while  recording  an  azonate  spore  with  bifurcate  appendages  from  C^ 
(Strunian)  of  Western  Kazakhstan  commented  that  this  spore  species  was  especially 
characteristic  of  the  Upper  Devonian  of  both  the  European  and  Asiatie  parts  of  the 
U.S.S.R. 

So  far  no  reports  of  Middle  Devonian  spores  (Radforth  and  McGregor  1954,  1956) 
bearing  these  appendages  have  been  made  from  Canada  although  they  have  been 
recorded  by  various  authors  from  the  Upper  Devonian.  This  may  be  due  to  the  fact  that 
the  age  of  the  described  deposits  may  not  be  Middle  Devonian;  alternatively  if  these 
deposits  are  accurately  dated,  spores  with  bifurcate  appendages  may  have  appeared  later 
in  North  America  than  in  Europe.  Spore  assemblages  from  more  accurately  dated 
samples  of  Middle  Devonian  age  are  needed  before  detailed  comparisons  can  be 
made. 

The  European  Middle  Devonian  strata  are  closely  comparable;  similar  assemblages 
to  those  in  Scotland  have  been  described  by  Eisenack  1944  (Baltic  Germany),  Hoeg  1942 
(Spitsbergen),  and  especially  Kedo  1955,  1957  (Belorussiya).  Kedo  in  a personal  com- 
munication says  ‘the  Middle  Givetian  of  Belorussiya  contains  large  amounts  of  all  forms 
of  the  spores  you  describe’  (i.e.  Richardson  1960),  and  considers  that  the  Middle 
Devonian  of  Belorussiya  and  of  Scotland  belong  to  a single  floristic  region.  Also  Nau- 
mova (1953)  and  Tchibrikova  (1959)  have  described  spores  with  bifurcate  appendages 

[Palaeontology,  Vol.  5,  Part  2,  1962,  pp.  171-94,  pis.  25-27.] 
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from  Middle  and  Upper  Devonian  deposits  of  Russia  many  of  which  appear  identical 
to  the  forms  described  here. 

The  present  paper  describes  spores  arbitrarily  referred  to  as  type  G from  various 
strata  throughout  the  Orcadian  basin  (north-east  Scotland)  including  Lang’s  localities 


TEXT-FIG.  1.  Index  map  of  localities  and  distribution  of  the  Old  Red  Sandstone,  Orcadian  basin. 

Numbers  refer  to  sampling  areas. 


in  the  neighbourhood  of  Cromarty.  In  addition  other  spores  with  these  distinctive  appen- 
dages are  also  described  which  have  not  previously  been  recorded  from  this  area.  The 
wide  range  of  variation  of  some  of  these  spores,  which  often  form  as  much  as  50  per  cent, 
of  the  total  spore  assemblage,  is  described  and  their  stratigraphic  distribution  discussed. 
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Classification 

Most  of  the  spores  recorded  can  be  fitted  into  the  existing  classification  of  Potonie 
and  Kremp  (1954).  The  genus  Ancyrospora  Richardson  1960  is,  however,  difficult  to 
assign.  Spores  included  in  this  genus  have  two  distinct  membranes  the  outer  one  of  which 
is  extended  laterally  to  a variable  extent  in  the  form  of  a flange  or  pseudoflange. 

This  circumscription  excludes  the  genus  Ancyrospora  from  the  existing  supra-generic 
categories. 


SYSTEMATIC  DESCRIPTIONS 

All  the  slides  referred  to  by  serial  numbers  are  in  the  collection  of  the  Geology  Depart- 
ment, University  of  Sheffield ; position  on  the  slide  is  indicated  by  the  instrument  settings 
of  a Cooke,  Troughton  and  Simms  microscope.  At  least  twenty-five  spores  have  been 
measured  for  each  species  or  variety. 


TEXT-FIG  2.  Hystricosporites  corystus  sp.  nov.  A,  Polar  view,  b.  Lateral  view. 


Anteturma  sporites  H.  Potonie  1893 
Turma  triletes  Reinsch  1881 
Subturma  azonotriletes  Tuber  1935 
Infraturma  apiculati  (Bennie  and  Kidston)  Potonie  1956 
Genus  hystricosporites  McGregor  1960 


Hystricosporites  corystus  sp.  nov. 

Plate  25,  figs.  1,2;  text-fig.  2 

Holotype.  Size  156ja  (excluding  spines),  spines  56  to  66ju.;  number  around  the  periphery  5.  Slide  OR  31, 
ref.  150543.  Upper  Rousay  beds.  East  Mainland,  Orkney. 

Occurrence.  As  above. 

Diagnosis.  Thick-walled  spores  with  long,  parallel-sided  or  slightly  tapering  spines  which 
widen  at  their  apex  to  a pronounced  bifurcation.  Lips  of  triradiate  mark  greatly  elevated 
in  the  form  of  an  apical  prominence. 

Description.  Colour  reddish-brown.  Size  range  129  to  213 ;u,  (excluding  spines).  Equatorial 
outline  subcircular  to  subtriangular ; in  lateral  view  subcircular  with  flattened  apex 
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bearing  a distinct  apical  prominence.  Spore  coat  consists  of  two  closely  adhering  layers. 
Spines  borne  on  equatorial  margin  and  distal  surface;  have  long  parallel-sided  or 
slightly  tapered  stems  which  only  widen  slightly  at  their  base  and  widen  near  the  apex 
to  a well-marked  bifurcation.  Spines  26  to  66 /x  long,  5 to  10  around  the  equatorial 
margin.  Triradiate  mark  with  greatly  elevated,  membraneous  ridges  (3 1 to  67  ju.  high  in 
lateral  view)  which  reach  the  equatorial  margin. 

Remarks.  Similar  spores  (Plate  25,  fig.  3)  are  found  in  the  Lower  Stromness  beds, 
Orkney,  and  the  Sandwick-Achanarras  fish  beds,  Orkney  and  Caithness.  They  differ  from 
H.  corysius  sp.  nov.  in  the  larger  number  of  spines  around  the  equator,  also  their  size 
range  1 40-260 /x  (excluding  spines)  and  length  of  spines  39-82 /x  is  slightly  greater.  These 
spores  have  not  been  separated  as  a new  species  because  preservation  is  too  poor  to  make 
detailed  comparisons  and  there  is  overlap  between  the  two  groups.  The  larger  spores  are 
referred  to  as  H.  ?corystus  in  the  text. 

Comparison.  None  of  the  spores  figured  by  Eisenack  (1944)  resembles  spores  of  H. 
corystus  in  polar  view,  although  two  of  the  spores  figured  in  lateral  view  (Eisenack, 
pi.  3,  figs.  4,  5)  appear  to  be  closely  similar.  The  spores  compressed  in  polar  view,  figured 
by  Eisenack,  have  a variably  extended  outer  layer  and  a distinct  triangular  ‘central 
body  ’ and  such  spores  are  here  placed  in  the  genus  Ancyrospora. 

H.  deJectabilis  McGregor  may  have  folds  along  the  tetrad  rays  but  these  do  not  appear 
to  be  greatly  elevated.  Nikitinsporites  canadensis  Chaloner  (1959)  is  much  larger  and  has 
appendages  which  taper  sharply  at  their  apex  (text-fig.  8). 

Derivation  of  name.  Gr.  Korystos — crested. 

Infraturma  perinotrilites  Erdtman  1947 
Genus  perotrilites  Couper  1953 

Remarks.  The  spores  described  below  appear  to  be  identical  in  general  form  to  those  of 
the  genus  Perotrilites  Couper  1953.  Couper’s  genus  has  a membraneous  perispore.  The 
outer  membrane  of  P.  bifurcatus  is  very  delicate,  transparent,  and  shows  no  infrastruc- 
ture. This  membrane  is  quite  distinct  from  the  thick,  finely  wrinkled  exoexine  of  Ancyro- 
spora. The  term  perispore  is  used  here  in  the  sense  of  Potonie  and  Kremp  1955. 

Perotrilites  bifurcatus  sp.  nov. 

Plate  25,  figs.  4,  5 ; text-fig.  3 


EXPLANATION  OF  PLATE  25 

All  magnifications  X 300. 

Figs.  1,2.  Hystricosporites  corystus  now.  1,  Holotype.  2,  Lateral  view  showing  apical  prominence. 
Upper  Rousay  beds. 

Fig.  3.  Hystricosporites  ? corystus  sp.  nov.  Sandwich  fish  bed. 

Figs.  4,  5.  Perotrilites  bifurcatus  sp.  nov.  4,  Holotype.  5,  Oblique  compression  showing  eccentric  spore 
body.  Coal  Heugh  shales. 

Figs.  6,  7.  Ancyrospora  ancyrea  var.  ancyrea  (var.  nov.).  6,  Form  with  moderately  wide  flange.  7, 
Spore  with  a wider  flange.  Coal  Heugh  shales. 

Fig.  8.  A.  ancyrea  var.  brevispinosa  var.  nov.  holotype.  Coal  Heugh  shales. 
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Holotype.  Size  88jU-,  body  82/x,  spines  8jU,  long.  Slide  CR  171,  ref.  119500.  Coal  Heugh  shales,  nodule 
beds,  Cromarty  (see  Richardson  1960). 

Occurrence.  Lower  Stromness  beds,  W.  Mainland,  Orkney;  Basal  beds,  Easter  Town  burn;  Basal  beds. 
Millers  Bay  and  nodule  beds,  Cromarty. 


Description.  Colour,  perispore  pale  yellow,  body 
yellow  to  brown.  Size  range  80  to  103^6,  body  72 
to  90 /X.  Equatorial  outline  subcircular,  body 
rounded  to  rounded  triangular.  Perispore  thin, 
delicate,  transparent,  often  wrinkled  and  con- 
torted; not  much  greater  than  the  body  in  dia- 
meter. Central  body  completely  enclosed  by 
perispore,  attached  by  the  proximal  surface  only; 
width  of  perispore  around  the  body  equal  to 
subequal;  occasionally  body  eccentrically  placed. 

Central  body  distinct,  smooth.  Perispore  orna- 
mented by  small  spines  with  slender  stems,  spines 
widen  at  their  bases  and  bifurcate  at  their  tips; 
spines  occur  on  the  equatorial  margin  and  distal 
surface,  5-8  ;u  long,  6 to  11  around  the  periphery. 

Perisporal  membrane  often  formed  into  con- 
torted folds  along  the  triradiate  mark;  folds  may 
reach  the  equatorial  margin.  Also  the  perispore  is  often  crumpled  into  arcuate  folds 
in  the  interradial  area.  Triradiate  mark  simple,  rays  equal  to  ^ radius  of  the  body,  or 
slightly  more. 


TEXT-FIG.  3.  Perot r Hites  bifur catiis  sp.  nov. 
holotype.  Camera  lucida  drawing  x 600. 


Diagnosis.  Equatorial  outline  subcircular  to  elliptical,  perispore  thin;  body  thick- walled, 
distinct.  Perispore  bears  small  spinose  processes 
which  bifurcate  at  their  tips. 


Comparison.  This  species  closely  resembles  Perotrilites  sp.  McGregor  1960;  both  have 
a thin  flimsy  perispore  bearing  external  ornament  but  differ  in  the  kind  of  ornamentation. 
Perotrilites  sp.  McGregor  has  grana  whereas  the  spores  described  here  all  bear  bifurcate 
processes. 


INCERTAE  SEDIS 

Genus  ancyrospora  Richardson  1960  emend. 

Plate  27,  figs.  3-5 ; text-fig.  4 
Type  species.  A.  grandispinosa  Richardson  1960. 

Emended  diagnosis.  Radial,  trilete  spores,  exoexine  extends  at  the  equatorial  margin  as 
a thick  flange  or  a pseudoflange.  Equatorial  outline  circular,  subcircular,  triangular, 
subtriangular,  to  scalloped  and  irregular.  Exoexine  bears  spinose  processes  which 
bifurcate  at  their  tips.  Intexine  of  variable  thickness. 

Comparison.  Archaeotriletes  (Naum.)  Potonie  1958  has  a thin  membraneous  zona,  the 
spinose  processes  are  club-shaped  and  arise  from  the  central  area  (Naumova  1953,  pi.  6, 
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fig.  2) ; in  contrast  the  flange  of  Ancyrospora  is  thick,  the  spines  are  clearly  anchor-shaped 
and  arise  all  over  the  distal  surface  and  the  equatorial  margin.  In  the  forms  with  a pseudo- 
flange the  spines  form  an  intimate  part  of  the  equatorial  rim  (Plate  25,  figs.  6,  7).  The 
spores  of  Nikitinsporites  Chaloner  1959  are  of  large  size,  azonate,  and  have  distinctive 
spines  (text-fig.  IOd).  Hystricosporites  McGregor  1960  is  azonate. 

Remarks.  The  thin  section  (Plate  27,  fig.  4)  shows  that  although  Ancyrospora  grandi- 
spinosa  Richardson  1960  consists  of  two  thick  membranes  there  is  no  cavity  between  the 
two  layers  (see  also  Plate  27,  fig.  5).  Consequently  the  original  reconstruction  (1960, 
text-fig.  6c)  is  incorrect  and  a new  construction  has  been  drawn  based  on  a series  of  thin 
sections  (text-fig.  4). 

The  spores  of  A.  ancyrea  (Eisenack)  comb.  nov.  show  a great  deal  of  variation.  In 


TEXT-FIG.  4.  Ancyrospora  grandispinosa.  Diagrammatic  reconstruction  in  polar  section;  e,  exoexine; 

i,  intexine. 

polar  view  they  show  a variably  extended  equatorial  zone  (pseudoflange).  The  thickness 
of  the  exoexine,  size  of  the  ridges  (muri)  connecting  the  spines,  and  to  a lesser  extent  the 
size  of  the  spines  determine  the  width  of  the  pseudoflange  around  the  equator.  In  the 
author’s  opinion  the  variation,  seen  in  spores  (in  polar  compression)  figured  by  Eisenack 
(pi.  1,  figs.  6-8,  pi.  2,  fig.  2,  and  pi.  3,  2-3)  and  in  the  spore  assemblages  in  the  Orcadian 
basin,  is  due  to  the  relative  development  of  these  three  features. 

The  author  agrees  with  Potonie  1956,  Chaloner  1959,  and  McGregor  1960  that  the 
genus  Archaeotriletes  (sensu  Naumova  1953)  is  heterogeneous  and  requires  some  sub- 
division. On  the  other  hand  it  is  considered  to  be  more  practical  to  have  a wide  cir- 
cumscription for  the  genus  Ancyrospora  because  of  the  range  of  variation  exhibited  by 
these  spores.  Consequently  spores  with  a flange  {A.  grandispinosa)  and  others  with 
a pseudoflange  {A.  ancyrea  (Eisenack)  and  A.  longispinosa  sp.  nov.)  are  here  placed  in 
the  same  genus.  This  circumscription  strictly  excludes  from  Turma  Zonotri- 

letes  Potonie  1956  and  therefore  this  genus  is  placed  in  Incertae  sedis. 

Many  spores  described  in  the  literature  appear  to  have  a similar  structure  to  A. 
ancyrea  (Eisenack)  and  are  listed  below. 

Ancyrospora  (Triletes)  ancyrea  (Eisenack)  comb.  nov. 

Holotype.  Eisenack  1944,  pi.  2,  fig.  2.  Size  124/x  (excluding  spines),  ‘central  body’  104/x,  spines  52/x 
long.  Probably  Middle  Devonian. 

Emended  diagnosis.  Exoexine  variably  extended  in  polar  compression  in  the  form  of 
a flange ; equatorial  outline  subcircular,  subtriangular  to  scalloped  and  irregular,  ‘central 
body  ’ distinctly  subtriangular  or  triangular  with  rounded  apices  and  convex  or  straight 
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sides;  spinose  or  spinobaculate  processes  which  bifurcate  at  their  tips;  triradiate  mark 
usually  accompanied  by  folds  which  may  be  elevated  as  an  apical  prominence. 

Comparison.  The  spores  described  by  Eisenack  (1944)  have  a marked  apical  prominence. 
Many  of  the  Orcadian  spores  have  folds  along  the  tetrad  rays  which  in  some  forms  are 
elevated  to  form  small  apical  ridges.  These  are  not  as  prominent  as  those  illustrated  by 
Eisenack.  However,  this  is  regarded  as  insufficient  justification  for  erecting  a new  species 
especially  since  the  other  major  features  such  as  the  dominantly  subtriangular  outline, 
the  distinct  subtriangular  ‘central  body’,  the  nature  and  distribution  of  the  spines,  and 
the  variable  extension  of  the  exoexine  appear  to  be  identical  in  both  cases.  The  only 
differences  appear  to  be  the  greater  development  of  an  apical  prominence  in  the  case  of 
the  Baltic  spores  and  the  spinobaculate  and  small  forms  with  a narrow  pseudoflange 
from  the  Orcadian  deposits.  Consequently  the  main  complex  of  spores  of  type  G2  Lang 
is  grouped  with  Tri/etes  ancyreus  Eisenack  and  the  variations  in  the  Orcadian  spores 
referred  to  above  are  separated  as  varieties. 

A.  ancyrea  Eisenack  comb.  nov.  differs  from  A.  grandispinosa  Richardson  1960  in 
having  a subtriangular  to  irregular  outline,  a marked  subtriangular  ‘central  body’,  and 
a variably  extended  pseudoflange. 

List  of  probable  synonymy 

Archaeotriletes  gibbosus  Naumova  1953  (80-^5 p)  closely  resembles  some  of  the  types 
with  a narrow  ‘flange’. 

" Grandispora'  Hoffmeister,  Staplin,  and  Malloy  1955  (pi.  1,  fig.  10)  appears  very 
similar  to  An.  ancyrea  although  smaller  and  with  a more  incised  margin;  size  62 p (ex- 
cluding spines)  measured  from  photograph. 

Archaeotriletes  sincerus  Kedo  1957  (78/x)  has  a regular  border  and  spines  clearly 
separated  at  their  bases  and  is  clearly  subtriangular  in  outline. 

Archaeotriletes  hamulus  Naum.  var.  giganteus  Tchibrikova  1959  (80-90/x)  appears 
double  layered  and  has  a subtriangular  central  area.  The  spore  figured  is  closely  similar 
to  some  of  the  Orcadian  specimens  of  Ancyrospora  ancyrea. 

Archaeotriletes  langi  Taugourdeau-Lantz  1960  has  a dominantly  triangular  outline 
and  appears  similar  to  Ancyrospora  ancyrea.  However,  it  cannot  be  seen  whether  or  not 
a ‘central  body’  is  present.  The  nature  of  the  spines  appears  different;  in  the  case  of 
Archaeotriletes  langi  they  have  wide  conical  bases  which  taper  uniformly  throughout 
their  length  in  contrast  to  Ancyrospora  ancyrea  in  which  the  spines  have  wide  bases 
abruptly  joining  slender  stems.  Again  in  Archaeotriletes  langi  the  margin  is  much  more 
incised. 

Ancyrospora  ancyrea  var.  ancyrea  var.  nov. 

Plate  25,  figs.  6,  7;  text-figs.  5,  6,  10b 
1925  Type  G2  Lang,  p.  257,  pi.  1,  figs.  16,  17. 

1944  Triletes  ancyreus  Eisenack,  p.  110  (pars),  pi.  2,  fig.  2,  pi.  1,  figs.  7,  8. 

Holotype.  Same  as  species  ancyrea. 

Occurrence.  Found  in  beds  throughout  the  area  rare  in  the  Upper  Rousay  beds. 

Diagnosis.  Exoexine  moderately  to  distinctly  extended  in  polar  compression;  spinose 
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TEXT-FIG.  5.  Hypothetical  reconstruction  of  Ancyrospora  ancyrea  (Eisenack)  comb.  nov. ; e,  exoexine; 

/,  intexine. 


TEXT-FIG.  6.  Ancyrospora  ancyrea  var.  ancyrea  var.  nov.  Specimen  with  wide  pseudoflange  in  the 
interradial  areas.  Camera  lucida  drawing  X 600. 
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processes  have  wide  bases,  slender  stems  and  bifurcate  tips;  triradiate  mark  distinct, 
to  I radius  of  the  body. 

Description.  Colour  yellow  to  dark  brown.  Size  range  (excluding  spines)  82  to  169ju, 
‘central  body’  51  to  116 p.  Pseudoflange  width  around  the  ‘central  body’  equal  to  sub- 
equal in  proximal  view;  surface  of  exoexine  covered  with  numerous  minute  wrinkles, 
infrapunctate  or  occasionally  infragranular;  ‘central  body’  smooth.  Exoexine  bears 
spinose  processes  on  distal  surface  and  equatorial  margin  8 to  51/x  long,  which  have 
wide  conical  bases,  more  slender  stems,  and  a well-marked  bifurcation  at  their  tips; 
adjacent  spines  are  often  joined  at  their  bases  by  folds  of  the  exoexine  (text-fig.  10),  occur 
in  more  or  less  concentric  rows  and  occasionally  are  interconnected  giving  an  irregular 
reticulate  pattern.  Number  of  spines  around  the  equator  11  to  13.  Triradiate  mark  dis- 
tinct, spore  coat  occasionally  splayed  open  along  rays,  rays  ^ to  i the  radius  of  the  body ; 
on  some  specimens  there  are  contorted  folds  along  the  tetrad  rays  which  may  be  elevated 
to  form  an  apical  prominence. 

Ancyrospora  ancyrea  var.  brevispinosa  var.  nov. 

Plate  25,  fig.  8;  text-fig.  9a 

Holotype.  Size  93p,  central  body  80/x,  spines  8 to  13/x  long,  number  around  the  equator  15;  slide  CR 
170,  ref.  103490.  Coal  Heugh  shales. 

Occurrence.  Found  in  all  beds  throughout  the  area;  rare  in  all  samples  except  the  Upper  Rousay  beds, 
and  Eday  beds,  East  Mainland,  Orkney. 

Diagnosis.  Exoexine  only  slightly  extended  with  regular  subtriangular  outline,  bears 
small  discrete  spines  which  bifurcate  at  their  tips. 

Description.  Colour  yellow  to  dark  brown.  Size  range,  excluding  spines,  75  to  I06p, 
‘central  body’  62  to  93 p.  Equatorial  ‘body’  outline  subtriangular.  Pseudoflange  width 
around  the  ‘central  body’  equal  to  subequal  in  proximal  view;  surface  of  the  exoexine 
covered  by  numerous  minute  wrinkles,  infrapunctate;  ‘central  body’  smooth.  Exoexine 
bears  short  spines  with  wide,  hollow  bases,  slender  stems,  and  bifurcate  tips.  Spines 
distinct  and  separate  occur  on  the  distal  surface  and  equatorial  margin;  spine  length 
5 to  \3p,  number  around  the  equator  10  to  15.  Triradiate  mark  indistinct  equals  half 
spore  radius;  occasionally  there  are  small  contorted  folds  along  the  rays. 

Remarks.  There  is  a great  variety  of  spine  length  in  spores  of  A.  ancyrea.  Frequently 
large  and  small  spines  occur  on  the  same  spore.  There  is  also  variation  in  the  extension 
of  the  flange  so  that  there  are  some  spores  which  are  difficult  to  assign  either  to  A. 
ancyrea  var.  brevispinosa  or  var.  ancyrea.  Because  of  this  partial  overlap  the  forms  with 
short  discrete  spines  and  slightly  extended  flange  are  distinguished  at  the  varietal  level. 
They  have  been  thus  separated  since  typical  examples  of  each  are  quite  distinct  and  for 
the  further  reason  that  A.  ancyrea  var.  ancyrea  is  most  abundant  at  the  Achanarras 
horizon  whilst  var.  brevispinosa  is  especially  abundant  in  the  Upper  Rousay  beds. 

Comparison.  This  variety  resembles  A.  ancyrea  var.  ancyrea  var.  nov.  in  general  organiza- 
tion but  differs  from  it  in  having  small  discrete  spines  and  an  outer  membrane  which  is 
only  slightly  extended  in  polar  compression.  Some  of  the  spores  described  by  Krausel 
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and  Weyland  (1929)  (pi.  14,  fig.  2,  text-fig.  30)  have  short,  slender  spines  but  the  spores 
figured  are  opaque  so  it  cannot  be  seen  whether  they  had  a ‘central  body’.  ^Archaeo- 
triletes’  hamulus  var.famenensis  Naum.  1953  resembles  var.  brevispinosa  but  has  a more 
rounded  outline. 


Ancyrospora  ancyrea  var.  spinobaculata  var.  nov. 

Plate  26,  fig.  4;  plate  27,  figs.  1-2;  text-figs.  7,  10a 

Holotype.  Size  143-8ju,  ‘central  body’  98/u,,  spines  15  to  18ju.  long,  15  to  23;u.  wide.  Number  of  spines 
around  the  equatorial  margin  eight.  Slide  CR  170,  ref.  149527.  Coal  Heugh  shales. 

Occurrence.  Basal  flagstones,  Easter  Town  burn;  nodule  beds  (Achanarras  horizon),  Cromarty. 

Diagnosis.  Pseudoflange  variably  extended;  equatorial  outline  subtriangular  to  irregular; 

bears  wide  more  or  less  parallel-sided  pro- 
jections with  slight  increase  at  base  and 
slender  bifurcations  at  their  tips. 

Description.  Colour  yellow  to  dark  brown. 
Size  range  88  to  154/x,  ‘central  body’  69  to 
98  ;u.  Equatorial  outline  subtriangular  to 
irregular,  ‘central  body’  subtriangular. 
Pseudo-flange  width  around  the  ‘central 
body’  equal  to  subequal  in  proximal  view, 
covered  with  minute  wrinkles;  ‘central 
body’  smooth.  Exoexine  bears  stout,  more 
or  less  parallel-sided  processes  on  the  distal 
surface  and  equatorial  margin.  Spines  have 
wide  bases  with  stems  only  slightly  less 
wide;  they  vary  from  forms  in  which  the 
height  is  only  slightly  greater  than  width  to 
others  more  elongated.  This  size  variation 
may  occur  on  the  same  spore.  Number  of 
spines  around  the  periphery  8 to  13.  Trira- 

, diate  mark  indistinct  ^ to  f body  radius; 
TEXT-FIG.  7.  Ancvrospora  ancyrea  var.  spinobaculata  . „ , p ,, 

var.  nov.  Camera  lucida  drawing  X 600.  occasionally  there  are  triradiate  folds 

which  reach  the  periphery. 

Remarks.  Spores  of  this  type  from  Navity  shore  samples  often  have  more  slender  spines 
and  greater  variety  of  spine  width  on  the  same  spore.  Also  several  spores  (Coal  Heugh) 
show  a mixture  of  spine  types,  i.e.  wide,  parallel-sided  spines  typical  of  var.  spino- 
baculata and  slender  spines  typical  of  A.  ancyrea  var.  ancyrea. 

Comparison.  A.  ancyrea  var.  spinobaculata  differs  from  the  other  forms  described  here 
by  having  wide,  parallel-sided  spines.  This  variety  resembles  spores  described  and  figured 


EXPLANATION  OF  PLATE  26 

Figs.  1-3.  Ancyrospora  longispinosa  sp.  nov.,  x250.  1,  Holotype.  2,  Distal  view  of  another  specimen; 

Basal  beds,  Easter  Town  burn.  3,  Specimen  from  the  Lower  Stromness  beds,  Orkney. 

Fig.  4.  Ancyrospora  ancyrea  var.  spinobaculata  var.  nov.  holotype,  X 300;  Coal  Heugh  shales. 
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under  the  group  Apiculati  (Thomson)  by  Hoeg  (1942,  pi.  31,  figs.  17,  18).  Hoeg  described 
two  forms  with  bifurcate  spines  one  of  which  had  spines  of  greater  width  than  the  other. 
Although  the  width  of  the  spines  does  not  seem  as  great  as  some  of  those  described  here, 
Hoeg’s  form  probably  belongs  to  this  species  if  a ‘central  body’  is  present. 

Archaeotriletes  fidus  Naumova  1953  also  shows  wide  processes  but  these  are  more 
tapering  than  those  of  var.  spinobacidata.  Further,  Naumova  does  not  describe  a ‘central 
body’  and  A.  fidus  has  a diameter  of  only  30  to  40 /x. 


TEXT-FIG.  8.  Ancyrospora  longispinosa  sp.  nov.  holotype.  Camera  lucida  drawing  approximately  X 400. 

Ancyrospora  longispinosa  sp.  nov. 

Plate  26,  figs.  1-3;  text-fig.  8 

Holotype.  Size  I90p  (excluding  spines),  spines  100-120ju.  Slide  MF  27,  ref.  145550.  Basal  flagstones, 
Easter  Town  tnrrn. 

Occurrence.  Only  found  in  Lower  Stromness  beds.  West  Mainland,  Orkney,  and  Basal  beds,  Easter 
Town  burn. 

Diagnosis.  Subcircular  to  subtriangular  spores,  ‘central  body’  indistinct;  ornament  con- 
sists of  long  bifurcate  processes  with  wide  conical  bases  which  taper  gradually  for  over 
I of  their  length,  followed  by  a short  slender  portion  with  long,  slender  bifurcations. 
Spines  arranged  in  a radial  manner. 

N 
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Description.  Colour  reddish-brown.  Size  range  180  to  236/x.  (exeluding  spines).  Equatorial 
margin  often  appears  irregular  due  to  the  wide  bases  of  the  spines  but  subcireular  to 
subtriangular.  ‘Central  body’  subtriangular  (not  seen  in  all  specimens  due  to  the  thick 
nature  of  the  spore  coat).  Spore  coat  thick,  bears  long  spines  in  concentric  rows,  often 
fused  at  their  bases.  The  wide-based  conical  spines  are  distinctive;  spines  70  to  120 /a 
long.  Contorted  folds  occur  along  the  tetrad  rays  forming  elevated  lips  24-48  high. 

Comparison.  This  species  differs  from  A.  ancyrea  (Eisenack)  comb.  nov.  in  the  presence 
of  long  conical  spines.  " Archaeotriletes  langV  Taugourdeau-Lantz  also  has  conical 
spines  but  these  are  considerably  shorter,  about  18ju,  in  length,  and  appear  more 
numerous. 

A STUDY  OF  VARIATION  IN  THE  SPECIES  ANCYROSPORA  ANCYREA 

Several  spore  genera  m the  Orcadian  deposits  show  a considerable  degree  of  morpho- 
logical variation.  This  is  apparent  even  in  the  specimens  from  one  sample,  and  is 
especially  noticeable  at  the  Achanarras  horizon.  At  this  stratigraphic  level  there  are 
relatively  few  basic  spore  morphologies  but  the  variation  on  these  is  considerable. 
Because  of  this,  species  are  often  difficult  to  delimit.  In  contrast  the  spores  of  the  Upper 
Rousay  beds  comprise  a greater  number  of  basic  types  which  are  clearly  differentiated. 

Vertical  changes  in  spore  form  are  also  apparent  and,  since  these  changes  often  show 
consistent  trends,  they  may  prove  to  be  useful  for  stratigraphic  correlation. 

Variation  observed  in  a single  sample 

Spores  of  the  species  Ancyrospora  ancyrea  from  the  Achanarras  Horizon  (text-figs.  9, 
10)  have  a well-defined,  rounded  triangular  ‘central  body’,  and  a relatively  thick 
exoexine  which  bears  bifurcate  processes.  Apart  from  these  features  there  is  a con- 
siderable degree  of  morphological  variation,  in  size,  ‘body ’/spore  diameter  ratio, 
equatorial  outline  and  length,  shape,  and  distribution  of  spines. 

The  exoexine  shows  various  degrees  of  extension  in  polar  view.  Some  spores  have 
pseudoflange  which  is  narrow  and  very  similar  to  the  ‘ body  ’ in  equatorial  outline  (e.g. 
Ancyrospora  ancyrea  var.  brevispinosa).  Other  spores  show  different  degrees  of  extension 
of  the  equatorial  zone,  in  some  cases  the  extension  is  uniform  and  very  marked  (text-fig. 
9d)  whereas  in  others  more  pronounced  distension  occurs  in  the  inter-radial  areas  (text- 
fig.  9e). 

Spine  variation  in  this  species  is  also  very  striking.  In  the  most  numerous  specimens 
the  spines  can  be  divided  into  three  distinct  parts,  a wide  sharply  tapering  basal  area, 
a long  slender  stem  (only  slightly  tapered),  and  a diverging  part  at  the  apex  which 
bifurcates.  The  relative  length  of  these  parts  varies  considerably.  Sometimes  the  basal 
area  extends  for  most  of  the  length  of  the  spines,  whereas  more  often  a long  slender  stem 
is  present.  The  spines  of  A.  ancyrea  var.  spinobaculata  are  very  distinctive  as  they  are 
parallel  sided  but  vary  in  width  and  length.  Also  the  length  of  their  bifurcations  may  be 
very  small,  or,  alternatively,  long  and  slender  (text-fig.  10a).  Intermediate  forms  have 
been  found,  however,  which  contain  typical  spines  of  A.  ancyrea  var.  ancyrea  in  addition 
to  the  spines  of  var.  spinobaculata. 

It  is  the  presence  of  these  intermediate  forms  which  has  caused  the  author  to  use 
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TEXT-FIG.  9.  Variation  of  the  species  Ancyrospora  aiicyrea  (Eisenack)  comb.  nov.  in  Coal  Heugh  shales. 
A,  var.  brevispinosa  var.  nov.  b,  var.  spinobaculata  var.  nov.  c,  e,  var.  ancyrea  var.  nov.  specimens 
with  variably  extended  pseudoflange,  d,  Ancyrosporas  p.  specimen  with  wide  equatorial  zone,  Navity 

shore  shales. 

a trinomial  system  of  nomenclature  in  the  belief  that  the  variation  of  the  spore  complex 
A.  ancyrea  is  most  clearly  represented  in  this  way. 

Variation  in  two  dijferent  samples  {Coal  Heugh  shale  and  shale  from  the  Upper  Rousay 
Flagstone  Group) 

In  order  to  make  the  results  directly  comparable  these  two  samples  have  been  sub- 
jected to  the  same  amount  of  maceration  in  Schulze  solution.  It  is  known  that  after 
treatment  of  the  material  in  Schulze  solution  and  potassium  hydroxide  spores  swell. 
At  the  same  time  it  is  necessary  to  treat  the  spores  in  this  manner  in  order  to  render  the 
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A 


TEXT-FIG.  10.  Anchor-shaped  appendages  of  various  spores,  a and  b,  spine  variation  in 
ancyrea  (Eisenack).  a,  var.  spinobacuhita.  b,  var.  ancyrea.  c,  Ancyrospora  grandispinosa  Riehardson 
1960.  D,  Nikitinsporites  canadensis  Chaloner  1959.  E,  Hystricosporites  corystus  sp.  nov. 


dark-brown  walls  less  opaque,  to  facilitate  microscopical  examination.  However,  de- 
tailed observations  were  made  on  preparations  not  treated  in  Schulze  solution  and  com- 
parisons made  with  part  of  the  same  material  after  Schulze  maceration.  This  was  done 
to  see  if  any  of  the  characters  observed  were  artifacts  due  to  the  treatment.  Forms  with 
a variably  extended  pseudoflange,  spinobaculate,  and  the  other  morphological  types 
distinguished  were  found  in  both  unmacerated  and  macerated  preparations.  The  spore 
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size,  however,  was  found  to  inerease  considerably  and  the  tetrad  folds  were  often  found 
to  be  corroded  after  treatment.  A surprising  feature  was  that  the  spine  length  on  100 
specimens  measured  from  one  unmacerated  and  a macerated  sample  were  practically 
identical.  These  observations  enabled  some  of  the  limitations  of  the  following  com- 
parisons to  be  ascertained. 


Grandispoi 
Upper  De 


Spore  diameter  excluding  spines 

(Triieies)  ancyrea  (Eisenock) 


A.  hamulus 
(Upper  Givetion-Lo 
A langi  T - L o n tz 
(Lower  Frosnion) 


ar.  giganleus  Tchib. 


A.  gibbosa  Nourr 


A sincerus  Kedo 
( Fome'^nmon) 

TEXT-FIG.  11.  Frequency  distribution  graph  to  show  the  diameter  excluding  spines  of  Ancyrospora 
ancyrea  (Eisenack)  comb.  nov.  and  the  size  range  of  similar  species.  Based  on  100  specimens  of 

A.  ancyrea  from  each  sample. 


Comparison  of  the  variation  in  two  samples.  A preliminary  examination  of  the  two 
samples  showed  that  larger  forms  with  a wide  pseudoflange  and  fairly  long  spines  are 
common  in  the  Coal  Heugh  sample  whereas  in  the  higher  sample  (Upper  Rousay  beds) 
spores  typical  of  the  variety  brevispinosa  are  dominant  and  also  the  variety  spinobaculata 
was  absent.  Comparison  of  the  two  samples  in  detail  shows  three  main  trends: 

(a)  reduction  in  size  of  spore, 

(b)  reduction  in  size  of  spines,  and 

(c)  increase  in  ‘body ’/spore  diameter  ratio. 

Reduction  in  the  size  of  the  spore.  The  graph  (text-fig.  11)  shows  the  spore  size 
(without  spines)  of  100  specimens  from  each  sample.  There  is  a considerable  degree  of 
overlap  between  the  two  ‘populations’ ; on  the  other  hand  the  two  modes  appear  to  be 
distinct.  The  following  statistical  constants  were  calculated  to  test  the  statistical  validity 
of  these  results. 

‘t’  for  difference  between  means  = 8-19  (‘t’  value  for  P = 0-01  is  3-4). 

Variance  ratio  = T014  (V.R.  value  for  P = OT  is  1-66). 

These  figures  show  that  the  difference  between  the  means  is  significant  and  not  due  to 
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random  sampling  of  the  same  ‘population’  nor  to  differences  in  the  group  variances 
(Fisher  and  Yates  1948).  This  indicates  that  there  is  a real  difference  in  the  size  of  spore 
between  the  two  groups. 

It  may  still  be  argued  that  these  differences  are  somehow  due  to  vicissitudes  of 
preservation  or  other  factors  and  that  these  size  ranges  are  unreliable.  However,  samples 
of  the  Upper  Stromness  beds,  Sandwick  fish  bed.  Upper  Rousay  beds,  and  Eday  flags 
(all  from  the  Orkneys)  have  yielded  spores  of  this  type  and  the  size  of  spores  is  much 
greater  in  the  lower  two  beds  than  in  the  upper  two. 
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Spine  length 

TEXT-FIG.  12.  Frequency  distribution  graph  to  show  the  spine  length  of  Ancyrospora  ancyrea  (Eisenack) 
comb.  nov.  and  A.  longispinosa  sp.  nov.  Based  on  100  specimens  of  A.  ancyrea  from  each  sample. 

Text-figs.  12,  13  show  the  decrease  in  spine  size  and  the  increase  in  the  ‘body ’/spore 
diameter  ratio  in  the  Upper  Rousay  sample.  However,  these  three  graphs  only  show  the 
variation  of  one  or  two  characters  whereas  in  separating  the  varieties  there  are  three 
main  characters  involved.  In  order  to  obtain  a more  accurate  picture  of  the  assemblages 
the  spores  have  been  divided  into  a series  of  arbitrary  types  (see  Table  1). 

The  results  tabulated  above  show  a difference  between  the  two  ‘populations’.  To 
determine  whether  this  difference  is  real  or  apparent  the  table  was  treated  as  a 2xn 
contingency  table.  Table  1,  however,  had  to  be  slightly  modified  as  the  expected  fre- 
quency in  some  of  the  cells  is  below  5.  This  was  done  by  grouping  medium  and  long 
spines  together  (Table  2).  The  latter  was  subjected  to  a test  from  which  a value  of 
X^  = 144T2  was  obtained.  This  shows  that  the  two  ‘populations’  can  clearly  be  distin- 
guished by  the  proportions  of  morphotypes  that  each  contains  and  that  it  is  extremely 
unlikely  that  the  differences  are  due  to  chance. 

The  characters  spine  length  and  ‘body ’/spore  diameter  ratio  appear  to  be  related; 
they  have  been  tabulated  (Table  3)  and  subjected  to  a x“  test.  The  result  shows  there  is 
a significant  association  between  the  two  variables. 

Thus  from  the  above  considerations  it  seems  that  there  are  real  differences  between 
the  two  ‘populations’. 


EXPLANATION  OF  PLATE  27 

All  magnifications  x 300. 

Figs.  1-2.  Ancyrospora  ancyrea  var.  spinobaculata  var.  nov.  1,  Specimen  showing  spines  of  variable 
width  and  length.  Coal  Heugh  shales.  2,  Large  specimen,  Basal  beds,  Easter  Town  burn. 

Figs.  3-5.  Ancyrospora  grandispinosa  Richardson  1960.  3,  Specimen  showing  large  ‘central  body’, 
closely  similar  to  G1  of  Lang  (1925).  4,  Microtome  transverse  section  showing  solid  flange  and  thick 
nature  of  the  exoexine  and  ‘body’  membranes.  5,  Broken  specimen  showing  ‘central  body’. 
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Variation  in  other  samples 

The  Sandwick  and  Achanarras  fish  beds  (Caithness  and  Orkney)  and  beds  below  the 
Achanarras  horizon,  which  include  the  Lower  Stromness  beds  (Orkney)  and  Basal 
beds  (Easter  Town  burn),  have  also  been  examined.  Unfortunately  only  the  latter  sample 
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TEXT-FIG.  13.  Scatter  diagram  to  show  ‘body’/spore  diameter  ratio  plotted  against  spine  length  of 
Ancyrospora  ancyrea.  Based  on  100  specimens  from  each  sample. 


yielded  100  measurable  spores  of  A.  ancyrea.  The  range  of  variation  is  very  similar  to 
that  found  in  the  Coal  Heugh  shales.  There  is,  however,  a greater  number  of  forms  with 
longer  spines  and  with  wide  pseudoflanges  in  the  Easter  Town  burn  sample.  In  addition 
to  A.  ancyrea  the  species  A.  longispinosa  sp.  nov.  is  present  in  both  the  Lower  Stromness 
beds  (Orkney)  and  the  Basal  beds  Easter  Town  burn  (south  of  Moray  Eirth).  Another 
form  comparable  in  size  and  spine  length  (H.  ?corystus)  is  found  in  the  Lower  Stromness 
beds,  Sandwick  and  Achanarras  fish  beds. 

In  conclusion  it  is  felt  that  the  general  trends  in  spore  form  described  above  are  not 
due  to  factors  of  preservation  or  maceration.  These  trends  can  be  seen  throughout  the 
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sediments  of  the  Orcadian  basin  although  a variety  of  lithological  types  has  been  treated 
and  the  maceration  technique  standardized. 

Stratigraphic  applications  of  variation.  Spores  which  probably  belong  to  the  genus 
Ancyrospora  have  been  reported  from  Middle  and  Upper  Devonian  strata  of  Canada 


^body/spore  diameter  ratio 


Category 

(50  -707=) 

(70-85  7=) 

(85-1007=) 

Totals 

SPINE  LENGTH 

Horizon 

Long 

(25-50>j) 

Medium 

(15-25>j) 

Lo  ng 

Medium 

Short 
(0-15>j  ) 

Long 

Medium 

Short 

Upper  Rousoy 
beds 

1 

0 

0 

7 

21 

0 

5 

66 

100 

Coal  H e u g h 
shales 

3 

5 

30 

38 

0 

5 

17 

2 

100 

Totals 

4 

5 

30 

45 

21 

5 

22 

68 

200 

TABLE  1.  2xn  contingency  table.  Arbitrary  division  of  the  species  A.  ancyrea  compared  at  two 

horizons. 


'bo  DY^  SPORE  DIAMETER  RATIO 


Category 

Horizon 

(50-70  7=) 

0 

1 

CD 

(85  - 100  7=) 

Totals 

SPINE  LENGTH 

Med  1 u m (15  — 
Long  50  fi) 

Medium 

Long 

Short 

(0-15>j) 

Medium 

Long 

Short 

Upper  Rousay 
beds 

(a)  2 

(b)  7 

(c)  21 

(d)  5 

(e)  6 5 

100  (n) 

Coal  H e u g h 
shales 

(A)  8 

(B)  68 

(C)  0 

(D)  2 2 

(E)  2 

1 00 ( N) 

Totals 

10 

75 

21 

27 

67 

200 

q=  etc- 

a -b  A 

0-4 

0-65 

21 

0-92 

63-06 

^ g =86-03 

Calculated  X = 144-12  P much  <0-001 

2 

X from  tables  for  4 
degrees  of  freedom  = 18*467 

TABLE  2.  2xn  contingency  table.  Arbitrary  divisions  of  the  species  A.  ancyrea  compared  at  two 

horizons. 

(Quebec  and  Alberta),  Spitsbergen,  Baltic  Germany,  and  the  U.S.S.R.  (Belorussiya, 
Russian  platform,  and  Bashkir,  south-west  Urals).  The  only  statistical  information 
available  regarding  these  occurrences  is  their  size  range  and  in  many  cases  these  ranges 
are  based  on  few  observations.  This  data  has  been  plotted  along  with  the  size  distribution 
of  the  Orcadian  spores  (text-fig.  11).  Although  comparisons  of  this  sort  are  of  limited 
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value  there  appears  to  be  a marked  association  showing  the  tendency  of  these  spores  to 
decrease  in  size  upwards  in  the  succession.  Eisenack’s  spores  (Middle  Devonian)  corre- 
spond very  well  to  the  upper  part  of  the  size  range  in  the  Cromarty  nodule  beds.  In 
contrast  similar  species  from  the  Upper  Givetian,  Lower  Frasnian,  and  Famennian  of 
Russia,  and  Upper  Devonian  of  Alberta,  Canada,  all  lie  in  the  lower  part  of  the  range 
typical  of  the  Upper  Rousay  beds. 

There  also  appear  to  be  gaps  in  the  distribution  of  Ancyrospora  as  these  spores  have 
not  been  recorded  from  the  Middle  Devonian  deposits  of  Estonia  (Thomson  1940,  1952), 
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diameter  ratio  in  the  species  A.  ancyrea. 

the  Kutznetsk  basin,  U.S.S.R.  (Elovskava  1936),  or  ?Middle  Devonian  of  Canada  (Rad- 
forth  and  McGregor  1954,  figs.  32-56  only,  and  1956).  Further  work  on  accurately 
dated  deposits  may  show  whether  the  distribution  of  these  spores  can  be  related  to  strati- 
graphical,  geographical,  or  ecological  factors. 

In  conclusion  there  are  too  few  detailed  observations  as  yet  to  confirm  whether  the 
trend  in  size  reduction  is  apparent  or  real.  On  the  other  hand  the  same  tendency  can  be 
seen  in  other  groups  of  spores  in  the  Orcadian  basin  and  elsewhere.  The  spores  described 
by  Elovskava  and  Thomson  from  Middle  Devonian  sediments  are  of  large  size  and  also 
Naumova  (1953)  states  that  spores  of  the  Givetian  of  the  U.S.S.R.  are  characterized  by 
their  large  size.  The  observations  are  by  several  authors  on  various  rock  types  using 
a variety  of  techniques  and  yet  there  appears  to  be  a general  trend. 

Again  when  the  Middle  Devonian  spore  assemblages  are  compared  with  those  from 
the  Carboniferous  there  are  two  striking  factors.  Firstly,  in  the  Carboniferous  two 
distinct  types  of  spore  are  clearly  differentiated  on  size,  megaspores  of  considerable  size 
and  small  spores  (probably  mainly  microspores).  An  arbitrary  limit  can  be  taken  for 
small  spores  as  less  than  200 p..  In  contrast  in  the  Middle  Devonian  there  are  many  species 
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which  range  over  200 /a  and  also  there  is  a more  or  less  continuous  size  gradation  from 
spores  about  400 /x  down  to  those  of  50 |U,.  This  contrast  between  Middle  Devonian  and 
Carboniferous  spores  along  with  the  tendency  of  decreasing  spore  size  make  it  tempting 
to  suggest  a correlation  of  this  trend  in  size  reduction  with  the  inception,  development, 
and  perfection  of  heterospory.  In  fact  heterosporous  plants  are  known  from  the  Upper 
Devonian  (Nikitin  1943)  and  they  will  probably  be  found  in  the  Middle  Devonian 
but  may  not  have  reached  such  a high  degree  of  development  at  that  time.  From  the 
evidence  of  the  dispersed  spores  it  would  be  expected  that  differences  in  size  between 
the  two  spore  types  of  Middle  Devonian  heterosporous  plants  would  not  be  as  great 
as  those  in  the  Upper  Devonian. 


CONCLUSIONS 

Value  of  spores  as  stratigraphic  indices 

Scotland.  Text-fig.  14  shows  the  distribution  of  spores  with  bifurcate  processes  in  the 
Orcadian  succession. 

Spores  of  the  genus  Ancyrospora  are  abundant,  and  have  been  found  in  all  the  samples 
examined,  and  can  be  used  to  determine  broad  stratigraphic  divisions.  For  instance,  A. 
longispinosa  sp.  nov.  has  only  been  found  in  strata  below  the  Achanarras  horizon.  The 
Achanarras  horizon  itself  is  characterized  by  wide  variation  in  the  species  A.  ancyrea 
(Eisenack);  medium-sized  spores  with  a moderately  extended  pseudoflange  of  var. 
ancyrea  are  dominant  whereas  var.  brevispinosa  and  var.  spinobaculata  are  much  less 
frequently  encountered.  In  contrast  the  spores  of  A.  ancyrea  (Eisenack)  show  a more 
restricted  range  of  variation  in  the  Upper  Rousay  beds  and  the  Eday  flags  with  var. 
brevispinosa  dominant  and  var.  spinobaculata  absent.  Thus  three  horizons  can  be  deter- 
mined on  the  basis  of  the  genus  Ancyrospora. 

Another  species,  A.  grandispinosa  Richardson  1960,  has  only  been  found  at  the 
Achanarras  horizon  but  occurs  in  Caithness,  Cromarty,  and  the  south  side  of  the  Moray 
Eirth. 

The  genus  Hystricosporites  appears  to  be  restricted  geographically  as  these  spores 
have  only  been  found  in  the  northern  part  of  the  Orcadian  basin  in  the  Orkneys  and 
Caithness.  Spores  of  this  genus  have  not  been  found  amongst  the  prolific  microfloral 
assemblages  in  the  southern  half  of  the  basin.  They  are  therefore  of  less  use  strati- 
graphically  although  in  the  Orkney  succession  H.  corystus  of  the  Upper  Rousay  Flags 
shows  differences  from  forms  found  in  the  Lower  Stromness  beds  and  the  Sandwick 
fish  bed. 

Perotrilites  bifurcatus  sp.  nov.  is  a rare  but  persistent  component  and  has  been  found 
in  the  Orkneys,  Caithness,  Cromarty,  and  the  south  side  of  the  Moray  Firth.  It  has  not 
been  found  above  the  Achanarras  fish  band.  Similarly  Calyptosporites  (Cosmosporites) 
microspinosus  Richardson  1960  (see  note  below)  and  Densosporites  devonicus  Richardson 
1960  do  not  occur  in  the  Thurso,  Rousay  or  Eday  groups. 

Other  areas  (text-fig.  15).  It  is  more  difficult  to  assess  the  value  of  these  spores  in  other 
areas.  Some  of  them  such  as  Perotrilites  bifurcatus  sp.  nov.  may  only  have  local  signi- 
ficance as  they  have  not  been  described  from  otherwise  closely  similar  microfloras  from 
the  Middle  Devonian  of  the  U.S.S.R. 
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The  species  A.  ancyrea  appears  widespread  in  the  northern  hemisphere  in  upper 
Middle  Devonian  and  Upper  Devonian  and  it  seems  probable  from  the  present  study 
that  varieties  of  this  species  can  be  used  for  finer  stratigraphic  division. 


TEXT-FIG.  14.  Stratigraphic  distribution  of  spores  with  bifurcate  appendages,  in  the  Orcadian  basin. 

Zones  based  on  Westoll  1948. 

The  full  stratigraphic  ranges  of  the  genera  Ancyrospora  and  Hystricosporites  are  not 
known.  These  genera  are  of  widespread  occurrence  in  the  northern  hemisphere.  In  the 
case  of  Ancyrospora  this  genus  appears  to  be  restricted  to  the  Devonian;  however  it  has 
been  found  in  the  uppermost  Devonian  of  the  Russian  platform.  Hystricosporites  occurs 
in  the  Lower  Carboniferous  (Luber  1955).  These  genera  have  so  far  not  been  reported 
from  Namurian  and  Upper  Carboniferous  deposits.  Since  a great  amount  of  work  has 
been  done  on  Upper  Carboniferous  microfloras  it  is  doubtful  whether  they  occur  in  these 
deposits.  On  the  other  hand  the  Lowest  Carboniferous  deposits  have  as  yet  received  little 
attention  and  these  genera  may  be  found  at  this  horizon  and  even  higher  but  probably 
not  in  the  same  abundance  as  in  the  Devonian. 
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TEXT-FIG.  15.  Stratigraphical  distribution  of  spores  with  bifurcate  appendages.  Only  some  species  of 

genera  marked  (*)  have  bifurcate  processes. 

NOMENCLATURAL  NOTE 

Genus  Cosmospohles  Richardson  1960 

The  name  Cosmosporites  Richardson  1960  is  invalid  since  it  had  previously  been  used 
by  Nilsson  (1958)  for  spores  from  the  Lower  Lias.  It  is  therefore  proposed  here  to 
rename  the  Devonian  spore  genus  Calyptosporites;  type  species,  C.  velatus  (Eisenack). 
The  name  is  derived  from  Gr.  KaJyptos — covering,  sheath ; this  refers  to  the  thin  mem- 
braneous bladder  which  completely  encloses  the  spore  body. 
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ADDENDUM 

Since  this  paper  was  submitted,  Balme  and  Hassell  have  published  on  Upper  Devonian  (Famennian) 
spores  from  Western  Australia.  They  describe  a species,  Archaeotriletes porrectus  (p.  10),  with  bifurcate 
processes;  this  species  resembles  Hystricosporites  corystus  sp.  nov.  in  having  an  apical  prominence  but 
the  Australian  spores  are  smaller  with  more  numerous  spines. 

In  addition  to  the  spore  assemblages  of  Famennian  age,  Balme  and  Hassell  report  having  seen  spores 
of  the  Archaeotriletes  type  (sensu  Naumova)  from  the  Givetian-Frasnian  of  Western  Australia,  from 
sediments  of  probable  Middle  Devonian  age  from  Tasmania,  and  from  Upper  Devonian  deposits  of 
North  Africa.  These  include  the  first  record  of  spores  with  bifurcate  appendages  from  the  southern 
hemisphere  and  emphasize  the  importance  of  these  spores  in  Middle  and  Upper  Devonian  micro- 
floras. 

BALME,  B.  E.,  and  HASSELL,  c.  w.  1962.  Upper  Devonian  spores  form  the  Canning  basin,  Western  Austra- 
lia. Micropaleoutology,  8,  1-28,  5 pi. 


LUDLOVIAN  BRYOZOA  FROM 
THE  LUDLOW  DISTRICT 

by  DAVID  E.  OWEN 


Abstract.  The  rich  Ludlovian  bryozoan  fauna  is  discussed  and  twenty-five  species  are  described,  thirteen  of 
them  new — Dekayella  whitcliffensis,  Leptotrypella  leintwardinensis,  Batostomella  hemiseptensis,  B.  hexamesopom, 
Bythopora  paraUela,  Eridotrypa  umbonensis,  Leioclema  liidlovensis,  L.  halloporoides,  Anaphragma  shiicknellensis, 
Calamotrypa  millichopensis,  Monotrypa  patera,  Nematopora  hexagoiia,  and  Rhombopora  mesopora.  The  hollow 
Calamotrypa  is  described  as  a new  Trematoporid  genus.  Monotrypa  crenulata  Nicholson  is  discussed  and  a 
lectotype  chosen.  The  restricted  range  of  a few  species  makes  them  of  value  to  the  stratigrapher. 

Ludlovian  rocks  are  richer  in  bryozoa  than  faunal  lists  would  seem  to  indicate.  This  is 
largely  due  to  the  fact  that  most  of  the  species  are  small  and  often  fragmentary.  Older 
collections  sometimes  contain  specimens  from  the  Aymestry  Limestone  but  these  mostly 
belong  to  the  few  large  species  Ptilodictya  lanceolala  (Goldfuss),  ' Favosites'  fibrosus 
(Goldfuss),  and  fenestellids.  The  wealth  of  smaller  bryozoa,  particularly  at  certain  levels 
of  the  Ludlovian,  is  only  really  seen  when  the  rocks  are  sectioned.  Calcareous  deposits 
are  rich  in  species,  often  beautifully  preserved.  Much  of  the  succession,  even  in  the 
‘Shelf’  facies  around  Ludlow,  consists  of  shales  with  thin,  calcareous  bands;  these, 
however,  quickly  decalcify  in  the  weathered  section  leaving  moulds  which  are  useless 
for  identification.  In  such  cases  it  is  essential  to  locate  unweathered  rock  where  the 
fossils  are  properly  preserved. 

Bryozoa,  like  many  other  fossils,  are  best  preserved  in  certain  rock  types.  The  thin, 
muddy  limestones  of  the  Lower  Bringewood  Beds  are  often  crowded  with  forms,  while 
the  typical  upper  ‘Aymestry’  limestone,  with  its  shell  banks,  is  much  less  rich.  The  Upper 
Whitcliffe  Beds  are  locally  extremely  rich  in  specimens  though  not  in  species.  The 
interesting  thesis  developed  by  L.  W.  Stach  (1937),  and  referred  to  by  R.  S.  Boardman 
(1960a),  that  bryozoa  can  be  divided  into  stable  and  unstable  forms,  the  former  unable 
to  modify  their  growth  with  different  environments  and  the  latter  capable  of  doing  so, 
may  well  find  examples  in  Ludlovian  forms.  Fistulipora  itmbrosa  Owen  is  present  in 
ramose  and  in  encrusting  forms  though  originally  described  as  a nodular  bryozoan 
(1960).  Orbignyella  fibrosa  (Lonsdale)  is  mostly  encrusting,  but  large,  ramose  forms  have 
been  described  from  the  Woolhope  area  (Owen  1960).  On  the  other  hand,  Monotrypa 
patera  Owen  is  always  encrusting  and  Bythopora  paraUela  Owen  always  ramose.  How 
far  the  forms  of  unstable  zoaria  can  point  to  the  presence  or  absence  of  wave  action  has 
yet  to  be  decided.  It  is  interesting  that  the  only  occurrence  yet  noted  of  the  encrusting 
form  of  Fistulipora  umbrosa  Owen  is  when  that  species  is  in  association  with  the  shell 
banks  of  the  Upper  Bringewood  Beds  of  Weo  Edge,  where  the  results  of  wave  action  are 
to  be  expected. 

Like  many  other  workers,  I have  found  difficulty  with  the  present  classification  of 
trepostomes  into  Amalgamata  and  Integrata.  A detailed  examination  of  the  wall  struc- 
ture suggests  that  this  is  an  unnatural  classification  and  recent  work  by  R.  S.  Boardman 
(1960a)  suggests  more  valuable  criteria  within  the  formation  of  the  wall.  He  points  out 

[Palaeontology,  Vol.  5,  Part  2,  1962,  pp.  195-212,  pis.  28-32.] 
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in  a later  paper  (19606)  that  Anaphragma  mirabile  Ulrich  and  Bassler  shows  both  amal- 
gamate and  integrate  structures  in  different  parts  of  the  exozone  of  the  same  wall  and 
similar  features  are  observable  in  Anaphragma  shucknellensis  Owen  described  here. 
Unfortunately  the  minute  structure  of  the  walls  is  not  preserved  equally  well  in  all 
Ludlovian  specimens.  I have  therefore  clung  to  the  accepted  classification  (R.  S.  Bassler 
1953)  and  have  noted  such  details  of  wall  structure  as  can  be  made  visible.  At  times  it  is 
difficult  to  decide  whether  to  place  a form  with  the  trepostomes  or  the  cryptostomes. 
R.  C.  Moore  (1929)  noted  this  with  respect  to  species  of  Rhombopora  and  certain  Bato- 
stomellids,  and  G.  E.  Condra  and  M.  K.  Elias  (1944)  stated  that  Rhombotrypellaia  Steno- 
porid),  Rhombotrypa  (an  Amplexoporid),  and  Rhomboporella  (a  Rhabdomesid)  may, 
in  fact,  belong  to  the  same  family.  I found  this  difficulty  in  placing  Batostomella  hemi- 
seplensis  Owen  which,  though  possessing  the  cryptostome  hemisepta,  has  no  properly 
developed  vestibule.  I decided  that  its  amalgamate  walls  and  thin  cortex  were  much  more 
typically  trepostome,  and  placed  it  with  the  Batostomellidae. 

STRATIGRAPHICAL  VALUE 

The  bryozoan  fauna  appears  to  be  quite  different  from  that  in  the  underlying  Wenlock 
Series.  The  similarity  in  the  lithology  of  the  Aymestry  Limestone  and  the  Wenlock  Lime- 
stone would  lead  one  to  look  for  the  same  species  in  the  two  deposits,  but  this  does  not 
appear  to  be  the  case.  Further,  though  some  species  are  fairly  long  range,  others  appear 
to  be  sufficiently  restricted  to  make  their  occurrence  of  stratigraphical  importance. 
Orbignyella  fibrosa  (Lonsdale)  is  an  instance,  and  its  appearance  in  the  Lower  Leint- 
wardine  Beds  seems  to  be  clear  cut.  I have  now  found  it  encrusting  a gastropod  in  the 
Lower  Whitcliffe  Beds  near  Ludlow  but  it  appears  to  be  missing  in  the  rich  fauna  of  the 
Bringewood  Beds.  Nematopora  hexagona  Owen  is  a very  common  species  in  the  Lower 
Bringewood  Beds  and  occurs  in  the  underlying  Elton  Beds.  I have  not  found  it  in  the 
Upper  Bringewood  strata  or  higher  in  the  Ludlovian.  The  presence  or  absence  of  parti- 
cular species,  however,  does  not  appear  to  be  nearly  as  important  as  the  percentage  of 
each  species  present.  Good  collections  from  the  Lower  Bringewood  Beds,  Upper  Bringe- 
wood Beds,  and  the  Lower  Leintwardine  Series  show  marked  differences  in  the  relative 
numbers  of  each  species.  It  has  yet  to  be  ascertained  if  this  is  of  purely  local  significance 
or  may  be  used  stratigraphically. 

DESCRIPTION  OF  SPECIES 

Order  cyclostomata  Busk  1852 

Family  ceramoporidae  Ulrich  1882 

Genus  favositella  Etheridge  and  Foord  1884 

Description.  Zoarium  irregular,  concavo-convex,  frequently  encrusting,  the  base  covered 
with  a concentrically  striated  epitheca.  Zooecia  rounded  to  subpolygonal,  mesopores 
numerous,  often  grouped  into  clusters  raised  slightly  above  the  general  level  of  the 
zoarial  surface  [monticules].  Diaphragms  few  in  normal  zooecia,  more  numerous  in 
mesopores.  No  acanthopores.  Walls  granular  with  large,  irregularly  distributed  mural 
pores.  (This  description  is  as  given  by  Etheridge  and  Foord  except  that  the  terminology 
is  brought  up  to  date.)  They  stressed  in  their  observations  the  mural  pores  which,  they 
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believed,  unite  the  genus  to  the  Favositid  corals.  Such  pores  are  common  in  Ceramo- 
porids. 

Favosite/la  iiiterpuncta  (Quenstedt) 

Plate  28,  figs.  1,  2 

Remarks.  This  species  was  described  by  Quenstedt  from  the  Wenlock  Limestones  of 
Dudley.  The  zoarium  is  large,  about  50  mm.  in  diameter  and  30  mm.  high,  hemispherical, 
with  a deeply  concave  underside  resting  on  a striated  epitheca,  so  that  the  actual  thick- 
ness is  very  much  less  than  the  total  height.  Internally,  the  zooecia  run  obliquely  out  from 
the  centre,  bending  to  reach  the  zoarial  surface  at  right  angles.  The  walls  are  thick  and 
ceramoporid;  the  zooecia  are  tabulate.  The  more  closely  tabulate  mesopores  are  numer- 
ous. Apertures  are  rounded  polygons,  4 or  5 in  2 mm.  Lunaria  are  present  but  not  con- 
spicuous. (I  am  indebted  for  these  details  to  Dr.  K.  P.  Oakley,  who  has  studied  the  only 
specimen — probably  the  holotype — in  Quenstedt’s  collection  in  the  museum  of  the 
Institute  of  Geology  and  Palaeontology  at  Tubingen.)  Within  the  zooecial  tubes  are 
frequently  to  be  found  ‘Pearls’  or  ‘Brown  Bodies’.  Their  origin  was  discussed  by 
Oakley  (1934). 

The  specimens  of  Favositella  interpimcta  (Quenstedt)  from  the  Ludlovian  rocks  are 
all  encrusting.  They  occur  in  masses  up  to  20  mm.  in  diameter,  but  seldom  more  than 
1 mm.  deep.  Otherwise  they  agree  closely  with  other  Wenlock  Limestone  forms.  The 
apertures  are  oval,  0-5-0-7  mm.  by  about  0-3  mm.  and  3-4  are  found  in  2 mm.  The  meso- 
pores average  0-2  mm.  by  OT  mm.  and  the  diaphragms  in  them  are  about  a tube  width 
apart.  Lunaria  are  visible  but  not  distinctive.  Pores  in  the  walls  are  clearly  defined.  The 
species  occurs  sporadically  throughout  the  Elton  and  Bringewood  Beds  and  is  one  of  the 
relatively  few  Wenlock  Limestone  forms  to  be  found  in  the  Ludlovian. 

Genus  fistulipora  M’Coy  1850  emend.  Nich.  and  Foord  1885 

Description.  Zoarium  massive,  encrusting  or  ramose.  Zooecia  simple  tubes  often  with 
granular  walls  which  do  not  change  throughout  their  length.  Diaphragms  few  and 
simple.  Apertures  oval  with  more  or  less  well-marked  lunaria.  Mesopores  numerous, 
occasionally  occurring  as  simple  tubes  with  curved  diaphragms  but  more  often  as 
vesicular  masses  where  the  individuals  cannot  be  separated  from  each  other.  Mesopore 
apertures  polygonal,  sometimes  large.  Species  are  common  from  Ordovician  to  Carboni- 
ferous rocks. 

Fistulipora  crassa  (Lonsdale) 

Remarks.  Nicholson  (1884)  redescribed  this  species  as  ramose,  the  branches  rounded  or 
somewhat  compressed,  varying  in  diameter  from  2-5-12-5  mm.  Surface  smooth  and 
devoid  of  monticules  or  maculae.  The  zooecia  are  oval,  not  markedly  indented,  0-25- 
0-3  mm.  in  diameter  with  a few  straight  diaphragms.  The  interspaces  are  occupied  by 
polygonal  mesopores,  about  0-2  mm.  in  diameter,  which  appear  in  longitudinal  section 
to  be  vesicular  due  to  the  incompleteness  of  their  walls  and  the  dominance  of  their  curved 
diaphragms.  Nicholson’s  specimens  came  from  the  Wenlock  Limestones  and  Shales  of 
Dudley  and  other  neighbouring  localities. 

In  the  Lower  Bringewood  Beds  of  Ludlow  I have  found  occasional  specimens  of  this 
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species.  The  zoarium  is  long  and  ramose,  about  3 mm.  in  diameter.  Zooecia,  which  de- 
velop in  the  axis  and  curve  gently  towards  the  zoarial  surface,  are  separated  in  the 
exozone  by  a vesicular  mass  of  mesopores  which  are  themselves  covered  in  places  by 
thickened  calcareous  tissue.  The  oval  apertures  show  slight  lunaria  and  are  about  0-3 
by  0-2  mm.  in  size.  These  specimens  seem  to  be  quite  typical  of  the  Wenlockian  species. 

Fistulipora  straw!  Owen 
Plate  28,  figs.  3,  4 

Remarks.  This  species  is  probably  the  most  widespread  bryozoan  in  all  but  the  highest 
Ludlovian  rocks.  It  was  first  described  from  fragments  in  the  Ludlovian  of  Builth  (Owen 
1960)  but  has  now  been  collected  in  complete  specimens.  One  such  specimen  LL2584 
which  encrusts  a stromatoporoid  and  is  itself  covered  by  the  same  form,  has  a zoarial 
breadth  of  30  mm.  and  a height  of  10  mm.  In  nodules  in  the  Upper  Wootton  Beds  of 
Backbury  Hill  near  Woolhope  specimens  occur  of  35  mm.  diameter  and  25  mm.  height. 
My  attention  was  first  drawn  to  these  nodules  and  their  enclosed  fossils  by  Dr.  E.  V. 
Tucker. 

The  zooecial  tubes  are  often  very  long  and  extend  straight  or  in  a gentle  curve  to  the 
zoarial  surface.  The  intervening  tissue  is  tabulate  or  vesicular  but  the  tubes  are  more 
closely  spaced  than  in  most  described  Silurian  species  of  Fistulipora,  such  as  F.  crassa 
(Lonsdale)  (see  above),  F.  coruavica  Nich.  and  Foord,  and  F.  dubouica  Nich.  and 
Foord.  The  apertures  are  oval  and  there  is  the  faintest  suggestion  of  lunaria.  There  are 
no  acanthopores.  At  times  the  mode  of  growth  of  F.  straw!  Owen  and  F.  umbrosa  Owen 
is  strikingly  similar  but  the  thickness  of  the  walls  is  so  much  greater  in  the  latter  species 
that  the  two  could  never  be  confused. 

F.  mimmuliua  Nich.  and  Foord  is  a very  similar  species.  Described  as  discoid,  lenti- 
cular, concavo-  or  plano-convex  also  encrusting  and  sometimes  rising  into  a conical 
mass,  it  is  clearly  similar  in  zoarial  shape  to  F.  straw!  Owen.  Two  special  features  noted 
are  monticules  and  ‘folds’  in  the  walls  of  the  zooecial  aperture  (lunaria).  I have  examined 
sections  from  the  syntypes  in  the  British  Museum  (Natural  History)  from  the  Wenlock 
Limestone  of  Dudley,  and  have  noted  the  very  marked  lunaria  clearly  thickened  in  tan- 
gential sections  near  the  surface,  and  the  fact  that  there  are  relatively  less  tubes  separated 
by  more  vesicular  tissue  than  in  F.  straw!.  F.  incrassata  (Nicholson)  (1874),  from  the 
Hamilton  group,  is  also  very  similar  to  F.  straw!  in  section  and  shows  no  marked  lunaria. 
It  differs  in  having  much  more  vesicular  tissue  between  the  zooecia.  In  Nicholson’s 
original  description  the  hemispherical,  layered  masses  are  described  as  being  sometimes 
as  large  as  a man’s  head.  It  would  appear  that  these  three  species  are  related  and  perhaps 
represent  three  stages  in  an  evolutionary  series. 


EXPLANATION  OF  PLATE  28 

Figs.  1,  2.  Favositella  iuterpimcta  (Quenstedt).  1,  Vertical  section  showing  zooecia  and  tabulate  meso- 
pores. 2,  Tangential  section.  LL  2582;  X50. 

Figs.  3, 4.  Fistulipora  strawi  Owen.  3,  Vertical  section.  4,  Tangential  section  showing  zooecia  separated 
by  mesopores.  LL  2584  and  LL  2604;  X 50. 

Figs.  5,  6.  Fistulipora  umbrosa  Owen.  5,  Vertical  section  of  cylindrical  form.  6,  Tangential  section 
showing  shadowy  walls.  LL  2585  and  LL  2586;  x 50. 
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Occurrence.  Fistulipora  strawi  Owen  has  been  collected  from  the  Elton  Beds  and  from 
other  levels  up  to  the  Lower  Leintwardine  Beds  but  has  not  been  found  higher. 

Fistulipora  umbrosa  Owen 
Plate  28,  figs.  5,  6 

Remarks.  This  species  was  first  described  from  the  Ludlovian  of  Builth  (Owen  1960). 
In  those  beds  the  zoarial  shape  was  nodular  and  it  was  often  possible  to  distinguish 
layers.  Thus  the  nodules  had  been  built  up  with  encrusting  layers  of  zooecia.  In  the 
Upper  Bringewood  Beds,  particularly  of  Weo  Edge,  the  species  is  well  represented.  The 
zoarial  form  is  most  commonly  cylindrical,  rising  from  a broad  base  and  with  short, 
stout  branches.  A typical  form  measures  15  mm.  across  the  base,  7 mm.  across  the  main 
cylinder,  and  is  22  mm.  high.  In  addition  to  this  form,  the  species  occurs  in  these  beds 
as  a thin  encrusting  expansion  up  to  20  mm.  across  and  less  than  2 mm.  thick.  Both 
forms  occur  in  the  same  deposit  but  not  side  by  side. 

The  zooecia  are  exactly  as  described  in  specimens  from  Builth,  and  in  the  cylindrical 
forms  they  occur  as  long  tubes  originating  parallel  to  the  zoarial  surface  and  curving 
gently  to  reach  it  at  right  angles,  with  diaphragms  at  ‘tube-width’  intervals.  The  encrust- 
ing forms  are  layered  and  the  zooecia  are  short  and  straight  with  few  diaphragms.  The 
mesopores  have  numerous  diaphragms  and  acanthopores  are  absent.  The  walls  are  of 
uniform  thickness  in  the  endozone  and  the  exozone  and  show  no  differentiation.  They 
are  porous  and  shadowy.  The  apertural  diameters  average  0-3  by  0-25  mm.  and  there  are 
seven  in  2 mm.  The  mesopores  are  variable  and  about  half  the  diameter  of  the  normal 
zooecia  and  the  thick  walls  measure  0-03-0-07  mm.  The  species  is  quite  distinctive 
wherever  it  occurs  and  is  found  typically  in  Upper  Bringewood  Beds. 

Order  trepostomata  Ulrich  1882 
Sub-Order  amalgamata  Ulrich  and  Bassler  1904 
Family  monticgliporidae  Nicholson  1881 
Genus  orbignyella  Ulrich  and  Bassler  1904 
Orbignye/la  fibrosa  (Lonsdale) 

Remarks.  The  typical  encrusting  form  and  the  less  common  ramose  form  of  this  speeies 
have  recently  been  described  fully  by  the  author  (Owen  1961).  Further  specimens  have 
now  appeared  in  the  Lower  Whitcliffe  Beds  of  Ludlow,  but  there  seems  little  doubt  that 
its  effective  range  is  confined  to  Upper  Ludlow  rocks  (Leintwardine  and  Whitcliffe 
Beds).  Earlier  records,  including  that  of  d’Orbigny  (1850),  suggest  this  view  and  it  is 
likely  that  this  species,  recorded  in  the  Lake  District  as  well  as  the  Welsh  Borderland, 
may  become  useful  stratigraphically. 

Family  HETEROTRYPIDAE  Ulrich  1890 
Genus  dekayella  Ulrich  1882 

Remarks.  Described  by  Ulrich  as  ramose  with  cylindrical  or  compressed  branches,  it  has 
angular  or  rounded  zooecia,  the  shape  depending  on  the  number  and  disposition  of  the 
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mesopores.  The  mesopores  may  be  few  or  more  or  less  numerously  distributed  between 
zooecia,  sometimes  in  clusters.  Acanthopores  of  two  sizes,  the  larger  ones  commencing 
in  the  axial  region,  the  smaller  ones  in  the  periphery  only.  The  relationship  of  this  genus 
with  Heterotrypa  and  Dekayia  is  so  close  that  the  species  of  the  three  genera  make  a con- 
nected series.  Dekayella  is  distinguished  from  the  other  two  genera  in  having  more 
mesopores  and  two  sizes  of  acanthopores.  Ordovician  and  Silurian. 

Dekayella  ramosa  Owen 

Remarks.  Typical  cylindrical,  branching  specimens  occur  with  tabulate  mesopores,  and 
acanthopores,  of  variable  size  up  to  0-05  mm.  in  diameter,  occur  at  the  junctions  of  three 
zooecia.  The  wall  structure  in  the  exozone  shows  laminae  curving  distally  in  a U-shape. 
The  mesopore  diaphragms  are  thick,  though  they  seldom  occur  on  the  same  level  in 
adjoining  mesopores.  Zooecial  diaphragms  are  few  and  much  thinner.  Occurs  sporadi- 
cally in  Bringewood  and  Lower  Leintwardine  Beds. 

Dekayella  whitelijfensis  sp.  nov. 

Plate  29,  figs.  1 , 2 

Holotypes.  Manchester  Museum  LL  2587. 

Diagnosis.  Zoarium  ramose,  1-5-2  mm.  in  diameter.  Zooecia  thin-walled  in  the  endo- 
zone,  running  nearly  parallel  to  the  axis  and  turning  at  right  angles  into  the  exozone 
where  the  walls  thicken  markedly.  Wall  structure  in  the  exozone  amalgamates  with 
laminae  curving  distally  into  a U-shape.  Apertures  oval,  averaging  0-15  by  0-2  mm., 
seven  in  2 mm.  Mesopores  numerous,  frequently  surrounding  normal  zooecia  in  the 
exozone,  often  very  small,  diameter  0-02-0-08  mm.  Acanthopores  numerous  in  the 
exozone,  variable  in  size,  some  as  large  as  0-05  mm.  in  diameter.  Diaphragms  absent  in 
mesopores  and  normal  zooecia.  Upper  Whitcliffe  Beds. 

Remarks.  This  species  shows  a very  strong  similarity  to  Dekayella  megacanthopora 
Owen  ( 1960).  It  differs  in  having  more  numerous  mesopores,  fewer  and  smaller  acantho- 
pores, and  a total  absence  of  diaphragms.  The  mode  of  growth  and  microscopic  structure 
of  the  zooecial  walls  in  the  exozone  suggest  that  the  two  are  closely  allied. 

Genus  leptotrypella  Vinassa  de  Regny  1920  emend.  Boardman  1960 

Deseription.  Zoarium  ramose,  sub-ramose,  encrusting  or  a combination  of  ramose  and 
encrusting  habits.  Conspecific  overgrowth  common.  Monticules  present  normally  in- 


EXPLANATION  OF  PLATE  29 

Figs.  1,  2.  Dekayella  whitcliffemis  sp.  nov.  1,  Vertical  section  showing  mesopores  in  the  exozone. 
2,  Tangential  section.  Holotypes  LL  2587;  X 50. 

Figs.  3,  4.  Leptotrypella  leintwardinensis  sp.  nov.  3,  Tangential  section  showing  thick  walls  and  acan- 
thopores. 4,  Vertical  section  showing  diaphragms  extending  distally  up  the  zooecial  wall.  Holotype, 
British  Museum  (Natural  History)  PD  209 ; X 50. 

Figs.  5,  6.  Batostomella  liemiseptensis  sp.  nov.  5,  Vertical  section  showing  hemisepta  and  calcareous 
tissues  in  the  exozone.  6,  Tangential  section.  Holotype  LL  2589 ; X 50. 

Figs.  7,  8.  Batostomella  hexamesopora  sp.  nov.  7,  Vertical  section.  8,  Tangential  section  showing 
zooecia  ringed  by  six  mesopores.  Syntypes  LL  2590  and  LL  2591 ; X 50. 
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eluding  megazooecia,  mesopores,  and  enlarged  acanthopores.  In  most  species  a zonal 
lining  can  be  distinguished  and  the  laminae  are  parallel  to  the  zooecial  wall  for  a con- 
siderable distance  (Leptotrypellid  wall  of  Boardman  1960<3).  Diaphragms  complete, 
cystiphragms  and  mural  spines  present  in  some  species.  Mesopores  variable,  sometimes 
lacking.  Acanthopores  typically  numerous,  may  be  only  rare  in  some  species. 

Leptotrypella  leintwardinensis  sp.  nov. 

Plate  29,  figs.  3,  4 

Holotype.  British  Museum  (Natural  History)  PD  209. 

Diagnosis.  Zoarium  ramose,  4-5  mm.  in  diameter,  several  centimetres  long,  monticules 
apparently  lacking.  Zooecia  curve  out  gently  from  the  axis  to  the  zoarial  surface, 
moderately  thin-walled  in  the  endozone,  very  thick-walled  in  the  exozone.  Walls  show 
beautifully  Leptotrypellid  structure  (Boardman  1960c/),  the  laminae  of  the  moderately 
thin  diaphragms  entering  the  zooecial  walls  and  continuing  distally  up  to  0-5  mm.  or 
even  more,  sometimes  passing  under  the  laminae  of  the  next  diaphragm.  They  then 
merge  with  the  wall  laminae  and  curve  distally  into  a U-shape.  Although  the  walls  are 
amalgamate  there  is  a slightly  darker  central  zone.  Zooecial  diameters  0-2-0-3  mm.  with 
diaphragms  few  in  the  endozone  and  spaced  at  about  twice  tube  width  in  the  exozone. 
Apertures  oval,  averaging  0-2  by  0-3  mm.,  5-6  in  2 mm.  Acanthopores  large  and  numer- 
ous in  the  exozone,  but  not  distorting  the  zooecial  wall,  average  diameter  0-05  mm. 
Wall  thickness  in  the  exozone  up  to  0-2  mm.  No  mesopores,  cystiphragms,  or  mural 
spines. 

Remarks.  This  beautiful  bryozoan  differs  markedly  from  all  others  in  Ludlovian  rocks. 
It  is  described  from  a single,  well-preserved  specimen  from  the  Monograptus  leint- 
wardinensis  Zone  of  the  Ludlovian  from  Church  Hill,  Leintwardine.  The  lack  of  meso- 
pores, monticules,  cystiphragms,  and  mural  spines  may  all  be  primitive  features.  There 
is  little  doubt  that  this  is  a species  of  Boardman’s  sub-genus  Leptotrypella  which  contains 
the  main  conservative  lineages  of  the  genus. 

Family  batostomellidae  Miller  1889 
Genus  batostomella  Ulrich  1882 

Description.  Branches  slender  without  monticules.  Zooecia  with  thick  walls  in  the 
exozone,  amalgamate,  with  remote,  delicate  diaphragms.  Apertures  small,  circular  to 
oval.  Mesopores  and  acanthopores  present.  Ordovician  to  Carboniferous. 

Batostomella  hemiseptensis  sp.  nov. 

Plate  29,  figs.  5,  6 

Holotype.  Manchester  Museum  LL  2589. 

Diagnosis.  Zoarium  ramose,  branching  frequently,  slender,  1-5  mm.  in  diameter. 
Zooecia  long,  thin-walled,  amalgamate,  diameter  OT-0-2  mm.,  running  obliquely  but 
nearly  parallel  to  the  zoarial  surface  and  turning  outwards  to  reach  the  surface  at  45°. 
In  the  short  exozone  the  walls  are  thickened  and  there  is  considerable  addition  of 
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calcareous  tissue.  Diaphragms  few,  hemisepta  present.  Apertures  circular  with  marked 
rims,  0-15  mm.  in  diameter,  9-10  in  2 mm.  Mesopores  only  in  short  exozone,  sometimes 
tabulate,  sometimes  closed  by  thickened  tissue.  The  walls  appear  to  be  Leioclemid 
though  the  detailed  structure  is  not  easy  to  determine.  No  acanthopores.  Lower  Bringe- 
wood  Beds. 

Remarks.  This  species  is  at  present  represented  by  a single  specimen  in  section,  but  the 
section  is  good  and  shows  all  details  very  clearly.  It  is  typically  Batostomellid  except  in 
the  presence  of  hemisepta  and  of  the  narrow  coating  of  calcareous  tissue  in  the  exozone, 
both  of  which  features  are  reminiscent  of  Rhabdomesid  Cryptostomes.  The  general 
appearance,  however,  and  the  wall  structure,  in  particular,  are  Amalgamate  Trepostome 
and  it  appears  to  be  most  nearly  related  to  other  species  of  Batostomella.  The  hemisepta, 
which  are  both  inferior  and  superior,  are  short  and  appear  at  slight  angles  in  the  walls. 
They  are  firmly  a part  of  the  wall  whose  laminae  run  down  into  them. 

Batostomella  hexamesopora  sp.  nov. 

Plate  29,  figs.  7,  8 

Syntypes.  Manchester  Museum  LL  2590  and  LL  2591. 

Diagnosis.  Zoarium  cylindrical,  branching  dichotomously,  1-5-2  mm.  in  diameter. 
Zooecia  long,  thin-walled  tubes  which  run  nearly  parallel  to  the  zoarial  surface  and  then 
curve  gently  out  to  it.  Diaphragms  absent.  Walts  slightly  thickened  in  the  exozone. 
Mesopores  in  the  exozone,  tabulate,  and  constricted  slightly  at  each  diaphragm. 
Acanthopores  small.  In  deep  tangential  sections,  the  oval  zooecia  are  shown  to  be  ringed 
with  six  polygonal  or  triangular  mesopores,  but  at  the  zoarial  surface  the  walls  are  thicker, 
and  the  mesopores  are  larger,  more  oval,  and  less  different  in  appearance  from  the 
normal  zooecia.  Apertures  0-16  by  0-1  mm.,  eight  in  2 mm.  Ranges  from  Elton  to  Lower 
Leintwardine  Beds. 

Remarks.  In  the  weathered  specimen  and  in  the  transverse  section  this  is  a distinctive 
species  with  its  oval  zooecia  surrounded  by  mesopores.  The  acanthopores  are  small  and 
insignificant.  In  this  last  feature  and  in  the  large  open  mesopores,  this  species  differs 
from  Batostomella  gramilifera  (Hall),  from  the  Rochester  Shale  of  New  York  State 
(Bassler  1906),  with  its  many  acanthopores  and  closed  mesopores. 

Genus  bythopora  Miller  and  Dyer  1878 

Description.  Slender,  branching  zoaria  with  completely  amalgamate  walls.  The  zooecial 
tubes  are  long,  with  few  or  no  diaphragms  and  no  mesopores.  Acanthopores  neither 
numerous  nor  distinctive  and  often  absent  altogether.  It  thus  differs  from  Batostomella 
mainly  in  the  absence  of  mesopores.  Though  the  range  is  from  Ordovician  to  Devonian, 
most  of  the  species  described  are  from  Ordovician  rocks. 

Bythopora  parallela  sp.  nov. 

Plate  30,  figs.  1,  2 

Syntypes.  Manchester  Museum  LL  2592  and  LL  2593. 
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Diagnosis.  Zoarium  slender,  cylindrical,  branching  dichotomously,  1-2  mm.  in  diameter. 
Zooecia  long,  slender,  thin-walled,  running  nearly  parallel  for  much  of  their  length,  and 
curving  slightly  to  reach  the  zoarial  surface.  The  walls  are  very  slightly  wavy.  Near  the 
zoarial  surface,  the  walls  thicken  markedly,  reaching  a thickness  as  great  as  the  diameter 
of  the  zooecial  tubes.  The  wall  laminae  lie  almost  parallel  and  seem  to  open  out  as  the 
wall  thickens.  The  oval  apertures  are  surrounded  by  a thickness  of  tissue.  They  are 
0-08  by  0-2  mm.  and  6-8  in  2 mm.  There  are  neither  mesopores  nor  acanthopores  and 
diaphragms  are  occasional  or  absent.  Bringewood  Beds. 

Remarks.  This  species  is  very  easy  to  distinguish  from  all  others  in  the  deposits.  Bytho- 
pora  spinulosa  (Hall)  is  the  only  other  described  Silurian  species  of  this  genus  (Bassler 
1906)  and  is  recorded  from  the  Rochester  Shale  of  Longport,  N.Y.  This  is  apparently 
very  similar  but  differs  in  having  small  spines  on  the  surface. 

Genus  eridotrypa  Ulrich  1893 

Description.  A slender,  ramose  Batostomellid  with,  in  the  exozone,  thick  walls  round 
which  is  deposited  extra  calcareous  tissue.  Diaphragms  are  most  common  in  the 
proximal  part  of  the  short  exozone.  Mesopores  occur,  but  acanthopores  are  neither 
large  nor  common.  Most  species  are  described  from  Ordovician  rocks  though  a few  are 
recorded  from  Silurian  and  Devonian  strata. 

Eridotrypa  umbonensis  sp.  nov. 

Plate  30,  figs.  3,  4 

Holotype.  Manchester  Museum  LL  2594. 

Diagnosis.  Zoarium  broad-based  and  encrusting,  rising  centrally  to  a tall  boss.  Diameter 
of  the  base  up  to  5 mm.,  height  about  6 mm.  Zooecia  at  the  edges  of  the  basal  extension 
short  with  thick  walls  and  in  the  endozone  rapidly  expanding  into  thick  calcareous 
tissue  which  may  close  the  aperture  completely.  In  the  boss-like  portion,  the  walls  in  the 
endozone  are  much  thinner  though  the  exozone  is  frequently  closed  by  the  growth  of 
calcareous  tissue.  Amalgamate  walls  are  Leioclemid  in  the  way  the  diaphragm-wall  unit 
can  be  traced  across  adjoining  mesopores  (Boardman  1960a).  Diaphragms  are  well 
spaced.  A few  mesopores  occur,  some  closed.  Small  acanthopores  are  numerous  in  the 
exozone.  Apertures  round  to  oval,  0-1 5-0-2  mm.  in  diameter,  8-9  in  2 mm.  Lower 
Bringewood  Beds. 

Remarks.  Many  of  the  sections  pass  through  the  expanded  base  and  miss  the  boss-like 
central  portion.  This  species  is  extremely  like  Eridotrypa  ramea  Hennig  (1908),  described 
from  the  Silurian  rocks  of  Gotland,  but  differs  mainly  in  the  fact  that  that  species  is 
closely  tabulate,  whilst  Eridotrypa  umbonensis  has  few  diaphragms. 

Family  stenoporidae  Wangen  and  Wentzel  1886 
Genus  leioclema  Ulrich  1882 

Description.  Zoarium  explanate,  encrusting,  massive  or  ramose.  Zooecia  subcircular  or 
irregularly  petalloid,  separated  by  abundant  mesopores.  Acanthopores  may  be  small  and 
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inconspicuous  or  sometimes  very  large.  Diaphragms  few  in  zooecial  tubes,  many  in 
mesopores.  Boardman  (1960a)  has  taken  this  genus  as  an  example  of  a particular  type 
of  wall  structure  which  he  has  named  after  it.  In  it  the  mesopore  wall  laminae,  as  seen 
in  longitudinal  section,  are  separated  into  well-defined  diaphragm-wall  units  which  may 
be  traced  across  two  or  three  adjacent  mesopores.  The  individual  laminae  trend  approxi- 
mately parallel  to  the  longitudinal  directions  of  the  zooecia  and  mesopores  for  a short 
distance  before  curving  into  the  zooecial  boundaries.  Ordovician  to  Permian. 

Leioclema  explanatwn  Bassler 
Plate  30,  figs.  5,  6 

Remarks.  This  species  was  identified  in  Ludlovian  rocks  of  Builth  (Owen  1960)  from 
poor  fragments.  It  is  much  better  preserved  in  nodules  from  the  Upper  Wootton  Beds 
of  Backbury  Hill  near  Woolhope  and  there  is  little  doubt  that  it  is  very  similar  to  the 
American  examples  from  the  Rochester  Shales  described  by  Bassler  (1906).  It  does  not 
appear  to  have  Boardman’s  typical  Leioclemid  wall  structure,  the  diaphragms  being 
thin  except  in  the  extreme  distal  exozone. 

The  zoaria  are  laminate,  often  encrusting.  The  zooecia  are  simple  tubes,  moderately 
thick-walled,  with  few  diaphragms.  Apertures  0-1 5-0-25  mm.  in  diameter,  6-7  in  2 mm. 
Numerous  closely  tabulate  mesopores  separate  the  zooecia.  Acanthopores  2-4  in  each 
zooecium,  large  enough  to  distort  the  distal  zooecial  walls,  diameter  0 03  mm.  Elton 
and  Lower  Bringewood  Beds. 

Leioclema  halloporoides  sp.  nov. 

Plate  30,  figs.  9,  10 

Syntypes.  Manchester  Museum  LL  2596  and  LL  2597. 

Diagnosis.  Zoarium  ramose,  about  2 mm.  in  diameter.  Zooecia  develop  centrally  and 
curve  gently  outwards  to  reach  the  zoarial  surface  at  right  angles.  In  the  endozone  the 
wall  is  thin  but  it  thickens  in  the  exozone,  and  the  laminae  appear  to  curve  forward  in  a 
U-shape.  Diaphragms  are  frequently  oblique  and  curved.  Mesopores  occur  with  thicker 
diaphragms,  the  laminae  running  into  them  and  occasionally  extending  from  one  to 
the  next  adjoining.  The  walls  seem  to  be  Leioclemid  but  the  preservation  is  not  suffi- 
ciently perfect  to  confirm  this.  Small  acanthopores  occur,  usually  at  the  junctions  of 
three  walls,  but  they  do  not  distort  the  zooecial  wall.  Lower  Bringewood  Beds. 


EXPLANATION  OF  PLATE  30 

Figs.  1,  2.  Bvtiiopora  parallela  sp.  nov.  1,  Vertical  section.  2,  Tangential  section.  Syntypes  LL  2592 
and  LL  2593;  X 50. 

Figs.  3,  4.  Eridotrypa  iimbonensis  sp.  nov.  3,  Vertical  section  showing  closed  mesopores.  4,  Tangential 
section.  Holotype  LL  2594;  X 50. 

Figs.  5,  6.  Leioclema  explanatum  Bassler.  5,  Tangential  section  showing  acanthopores.  6,  Vertical 
section.  LL  2616  and  LL  2595;  X 50. 

Figs.  7,  8.  Leioclema  ludloveusis  sp.  nov.  7,  Tangential  section.  8,  Vertical  section  of  encrusting 
portion.  Holotype  LL  2598;  X 50. 

Figs.  9,  10.  Leioclema  halloporoides  sp.  nov.  9,  Tangential  section.  10,  Vertical  section.  Syntypes 
LL  2597  and  LL  2596;  x 50. 
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Remarks.  This  species  looks  very  like  Leioclema  explanatum  Bassler  in  section  but  differs 
in  its  ramose  habit  and  the  fact  that  the  acanthopores  are  smaller  and  do  not  distort  the 
wall.  The  structural  difference  between  the  zooecial  diaphragms  and  those  in  the  meso- 
pores  is  typically  Leioclemid.  The  vertical  sections  are  reminiscent  of  the  Silurian  species 
of  Hallopora,  but  the  wall  structure  and  presence  of  acanthopores  emphasize  the  differ- 
ence. At  present  I have  seen  this  species  in  the  Shucknell  Hill  Beds  only. 

Leioclema  hidlovensis  sp.  nov. 

Plate  30,  figs.  7,  8 

Holotype.  Manchester  Museum  LL  2598. 

Diagnosis.  Zoarium  encrusting,  sometimes  rising  into  tall  cylinders.  Zooecia  short, 
thick-walled  tubes,  except  in  the  cylindrical  portions  where  they  are  thin-walled  in  the 
endozone.  Wall  structure  typically  Leioclemid  (Boardman  1960a)  with  the  laminae  from 
the  mesopore  diaphragms  curving  into  the  boundary  walls  to  form  a U-shape.  Dia- 
phragms in  the  zooecia  few,  thin  and  nearly  straight.  Mesopores  numerous  with  many 
thick  diaphragms.  Apertures  oval,  averaging  0T5  by  OT  mm.,  9-10  in  2 mm.  Mesopore 
apertures  variable,  some  very  small,  some  closed.  Acanthopores  numerous  and  large. 
Occurs  in  levels  from  Bringewood  to  Upper  Whitcliffe  Beds. 

Remarks.  This  common  species  is  little  changed  throughout  its  range.  In  some  localities 
it  occurs  most  commonly  as  thin,  encrusting  masses  and  at  others  the  cylindrical  form 
rising  from  the  encrusting  base  is  most  frequently  found,  though,  at  all  levels,  both  occur 
side  by  side.  In  its  encrusting  habit  it  is  not  unlike  Leioclema  elasmaticum  Boardman  but 
differs  in  having  more  acanthopores  and  in  its  frequent  cylindrical  form. 

Sub-Order  integrata  Ulrich  and  Bassler  1904 

Family  trematoporidae  Miller  1889 

Genus  anaphragma  Ulrich  and  Bassler  1904 

This  genus  was  described  to  include  Trematoporids  with  markedly  integrate  walls, 
which  compared  closely  with  the  genus  Batostoma,  differing  mainly  in  having  undulating 
walls  in  the  endozone,  and  fewer  diaphragms. 

Anaphragma  shuckneUensis  sp.  nov. 

Plate  31,  figs.  1,  2 

Holotype.  Manchester  Museum  LL  2599. 

Diagnosis.  Zoarium  ramose,  stout,  sometimes  nodular  or  massive,  branches  3-4  mm. 
across  and  a whole  colony  up  to  40  mm.  in  diameter.  Zooecia  thin-walled  in  the  endo- 
zone, the  walls  undulating  and  thickening  and  becoming  markedly  integrate  in  the  early 
exozone  with  a strongly  marked  central  black  line,  but  again  amalgamate  near  the  sur- 
face as  the  walls  thicken  further.  Diaphragms  few  and  thin,  the  laminae  of  the  dia- 
phragms merging  with  the  outer  part  of  the  zooecial  wall  and  not  extending  into  it. 
Apertures  oval,  0-2-0-25  mm.  in  diameter,  6 in  2 mm.  Mesopores  and  acanthopores 
absent.  Walls  in  the  exozone  up  to  0-3  mm.  thick.  Lower  Bringewood  Beds. 
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Remarks.  This  large,  irregular  bryozoan  is  very  common  in  the  Lower  Bringewood  Beds 
of  Shucknell  Hill  near  Woolhope,  and  its  sturdy  walls  are  distinctive  in  the  weathered 
specimen.  It  compares  very  closely  in  wall  structure  with  Anaphragma  mirabile  Ulrich 
and  Bassler  as  described  by  Boardman  (1960/j),  but  differs  in  its  less  regular  form, 
absence  of  mesopores  and  acanthopores  and  presence  of  diaphragms. 

Genus  batostoma  Ulrich  1882,  emend.  Boardman  1960 

Remarks.  Boardman’s  emended  definition  (1960Z>)  draws  partieular  attention  to  the 
walls  between  zooecial  boundaries,  as  seen  in  longitudinal  section,  in  which  the  laminae 
Tie  nearly  parallel  to  zooecial  boundaries  then  curve  distally  just  before  intersecting  the 
boundaries  to  form  a V-shaped  pattern  that  has  extremely  long,  convexly  curved  limbs. 
In  tangential  sections,  the  walls  of  adjacent  zooecia  are  generally  integrate  in  appearance’. 

In  addition,  the  genus  can  be  described  as  ramose  or  encrusting,  often  both,  the  ramose 
portion  arising  from  an  expanded  base.  Zooecia  thin-walled  in  the  endozone,  but  thick- 
walled  and  integrate  in  the  exozone.  Diaphragms  numerous.  Mesopores,  often  large, 
with  numerous  diaphragms;  some  of  these  may  curve  convexly  outwards.  Acanthopores 
variable,  often  numerous.  A common  Ordovician  genus  represented  by  many  species, 
but  not  previously  described  from  Upper  Silurian  rocks. 

Batostoma  sp. 

Plate  31,  fig.  3 

Description.  Zoarium  small  and  bosslike  arising  from  an  expanded  encrusting  base, 
3-4  mm.  in  diameter  and  3-4  mm.  high.  Zooecia  thin-walled  in  the  endozone,  but  the 
walls  thicken  as  they  curve  out  to  the  zoarial  surface,  OT 5-0-25  mm.  in  diameter,  1 1-12 
in  2 mm.  The  zooecial  wall  laminae  form  a V-shape  pointing  distally  and  show  a dark 
line  in  the  centre.  Diaphragms  lie  close  together  in  the  exozone  2-3  to  a Tube  width’. 
Small  acanthopores  numerous,  mesopores  absent.  Upper  Bringewood  and  Lower  Leint- 
wardine  Beds. 

Remarks.  This  is  a typical  small  species  of  Batostoma,  and  fragments  are  common  in  the 
levels  in  which  it  occurs.  I am  not  sufficiently  satisfied  with  the  preservation  of  the  speci- 
mens which  I have  examined  to  describe  them  specifically. 

Genus  calamotrypa  gen.  nov. 

Type  species.  Calamotrypa  miltichopensis  sp.  nov. 


EXPLANATION  OF  PLATE  31 

Figs.  1,  2.  Anaphragma  shiicknellensis  sp.  nov.  1,  Vertical  section  showing  the  dark  line  of  laminae 
in  the  early  part  of  the  exozone.  2,  Tangential  section  showing  thick  walls  and  dark  line  in  the  deeper 
section.  Holotype  LL  2599;  X50. 

Fig.  3.  Batostoma  sp.  Vertical  section  showing  tabulate  zooecia  in  the  exozone.  LL  2600;  X 50. 

Figs.  4-6.  Calamotrypa  miltichopensis  gen.  et  sp.  nov.  4,  Transverse  section  showing  hollow  centre 
and  integrate  walls.  5,  Tangential  section.  6,  Vertical  section  showing  hollow  centre.  Syntypes 
LL  2602,  LL  2603,  and  LL  2601 ; x 50. 

Figs.  7-9.  Monotrypa  crenidata  Nicholson.  7,  Tangential  section  showing  large  and  small  zooecia. 
8,  Vertical  section  showing  crenulate  walls.  9,  Vertical  section  showing  more  frequent  diaphragms 
near  surface.  7,  8,  Lectotype  British  Museum  PD  2998  A and  B.  9,  LL  2581 ; X 50. 
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Diagnosis.  Zoarium  cylindrical,  hollow.  Zooecia  short,  rising  obliquely  from  the  central 
hollow  and  turning  out  to  reach  the  zoarial  surface  at  right  angles.  Zooecial  wall 
markedly  integrate,  the  laminae  in  longitudinal  section  form  a V-shape,  pointing  distally, 
the  wall  centre  darkened.  Occasional  thick  diaphragms.  Mesopores  few  and  large. 
Acanthopores  small. 

Remarks.  Hollow  bryozoa  are  common  in  the  Cyclostomata  (Fistuliporidae)  and  in  the 
Cryptostomata  (Rhabdomesidae  and  others).  They  have  been  described  among  Amal- 
gamate Trepostomata  (Stenoporidae)  but  not  previously  among  Integrate  Trepostomata. 
The  integrate  character  of  the  walls  and  the  clearly  marked  V-shape  of  the  laminae 
within  the  walls,  when  seen  in  longitudinal  or  transverse  sections,  ally  this  genus  to  such 
genera  as  Batostoma  and  Monotrypa  and  1 therefore  place  it  with  them  in  the  family 
Trematoporidae. 

Calamotrypa  millichopensis  sp.  nov. 

Plate  31,  figs.  4,  5,  6 

Syntypes.  Manchester  Museum  LL  2601,  LL  2602,  and  LL  2603. 

Diagnosis.  Zoarium  as  described  for  the  genus  1-T5  mm.  in  diameter,  3-5  mm.  long. 
Central  hollow  cylindrical  in  shape  but  variable  in  size,  0-2-0-4  mm.  in  diameter,  sur- 
rounded by  epitheca  0-01-0-02  mm.  thick.  Zooecia  thick-walled  throughout,  0-3-0-4  mm. 
long  with  occasional  thick  diaphragms.  Mesopores  few  and  large,  with  apertures  in- 
distinguishable from  those  of  auto-zooecia,  and  with  a few  thick  diaphragms.  Apertures 
circular,  OT-0-2  mm.  in  diameter,  well  separated  by  calcareous  tissue,  twelve  in  2 mm. 
Acanthopores  few  and  small,  and  visible  only  near  to  the  zoarial  surface.  Bringewood 
Beds. 

Remarks.  This  is  a common  species  in  the  Bringewood  Beds  and  is  quite  distinctive 
wherever  sections  pass  through  the  central  hollow  cavity.  Even  when  sections  miss  the 
cavity,  the  small  size  of  the  apertures  and  the  integrate  nature  of  the  walls  are  charac- 
teristic. 

Genus  monotrypa  Nicholson  1879 

Description.  Zoarium  massive,  discoidal,  ramose,  laminar  or  encrusting.  The  zooecia 
may  be  of  uniform  size  or  groups  of  larger  zooecia  may  occur  in  monticules.  Diaphragms 
complete,  may  be  few  or  many.  The  zooecial  walls  are  markedly  integrate.  Mesopores 
absent;  Nicholson  noted  that  acanthopores  were  absent  except  in  the  species  Monotrypa 
discoidea  (James),  which  has  now  been  removed  from  the  genus.  Bassler  (1906)  drew 
attention  to  two  main  groups  of  species,  those  with  straight  or  curved  walls  and  many 
diaphragms  and  those  with  crenulate  walls  and  few  or  no  diaphragms.  Species  are  com- 
mon throughout  Ordovician,  Silurian,  and  Devonian  rocks. 

Remarks.  Three  species  of  Monotrypa  have  been  collected  from  Ludlovian  rocks  of  the 
Welsh  Borderland,  M.  cremdata  Nicholson,  M.  flabeUata  Owen,  and  a new  species,  M. 
patera,  described  below.  As  M.  cremdata  was  described  by  Nicholson  without  the 
designation  of  a holotype,  I redescribe  it  here,  choosing  as  lectotype  a fine  speci- 
men in  the  British  Museum  (Natural  History)  from  the  collections  of  Mr.  Madeley.  As 
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Nicholson  knew  these  collections  and  their  owner,  it  is  probable  that  he  knew  the  actual 
specimen  and  may  have  named  it. 

Monotrypa  cremilata  Nicholson  1884 
Plate  31,  figs.  7,  8,  9 


Lectotype.  B.M.  (N.H.),  PD  2998. 

Diagnosis.  Zoarium  massive,  hemispherical,  with  flat  base  covered  by  concentrically 
striated  epitheca.  Height  31  mm.,  maximum  diameter  52  mm.  Groups  of  larger  zooecia 
visible  on  the  surface,  their  centres  5-6  mm.  apart,  but  not  raised  up  to  form  monticules. 
Zooecia  long,  thin-walled  tubes,  originating  from  the  basal  epitheca  and  running  nearly 
straight  to  the  zoarial  surface.  The  zooecial  walls  are  thin  throughout  their  length  and 
crinkled;  the  crinkles,  where  most  strongly  developed,  occur  6-10  in  1 mm.,  the  distance 
between  the  crest  and  trough  of  a wave  up  to  0-05  mm.  The  thin  walls  are  not  obviously 
integrate,  but  in  thin  section,  lines  of  separation  often  occur  in  the  centre  of  the  wall. 
Diaphragms  thin,  straight  or  curved.  In  some  zooecia  they  are  relatively  frequent,  as 
close  as  0-4  mm.  Apertures  polygonal,  normally  pentagonal  or  hexagonal,  the  diameters 
in  groups  of  larger  zooecia  0-5-0-6  mm.,  four  in  2 mm.,  and  those  in  groups  of  smaller 
zooecia  0-25-0-35  mm.,  seven  in  2 mm.  Mesopores  and  acanthopores  absent.  Wenlock 
Limestone,  Dudley. 

Remarks.  Nicholson  figured  a typical  specimen  similar  to  the  lectotype.  His  description 
is  as  follows: 

The  corallum  of  this  species  is  hemispherical  or  subglobular,  ordinary  examples  having  a height  of 
an  inch,  or  an  inch  and  a half  and  a diameter  of  about  the  same  at  the  base.  The  base  is  flat  or  con- 
cave and  is  covered  by  a striated  epitheca ; and  the  corallites  radiate  from  the  base  to  open  over  the 
whole  convex  upper  surface  of  the  colony.  The  corallites  are  prismatic,  mostly  pentagonal,  thin-walled 
and  not  firmly  united  with  one  another,  their  walls  being  regularly  and  uniformly  crenulated  in  such 
a manner  that  contiguous  tubes  are  accurately  dovetailed  together.  The  corallites  vary  in  size  from 
iV  inch  to  3g  inch  there  being  occasionally  definitely  defined  groups  of  larger  tubes.  No  spiniform  tubuli 
are  developed.  The  surface  is  apparently  smooth  and  devoid  of  monticules.  As  seen  in  long  sections, 
the  tubes  are  found  to  be  crossed  at  considerable  intervals  (25-10  inch)  by  a few  horizontal  tabulae  which 
are  not  uniformly  placed  at  corresponding  levels  in  contiguous  corallites. 

I think  it  tolerably  certain  that  this  form  corresponds  with  part  of  the  Favosites  fibrosa  of  Mr. 
Lonsdale  (Sil.  Syst.  pi.  xv,  bis.,  figs.  6-6d),  and  I should  willingly  have  retained  the  specific  name 
fibrosa  if  this  had  seemed  at  alt  advisable. 

He  further  stated  that  Calamopora  fibrosa  Goldfuss,  from  which  Lonsdale  took  this 
name,  is  a very  different  coral  in  all  respects. 

A further  typical  Wenlock  Limestone  form,  which  I have  sectioned  (Manchester 
Museum  collections  LL  2581),  is  similar  in  all  respects  to  the  lectotype,  except  that  the 
diaphragms  become  numerous  near  the  zoarial  surface,  as  many  as  five  occurring  in 
the  space  of  T5  mm. 

Nicholson  stated  that  Monotrypa  crenulala  occurs  in  the  Wenlock  Limestones  and 
Lower  Ludlow  rocks  of  Sedgeley.  I have  seen  many  typical  tall  hemispherical  forms  from 
the  Wenlock  Limestone  (often  labelled  Favosites  fibrosus  Lonsdale)  in  older  collections, 
but  the  only  undoubted  Ludlovian  forms  which  I have  examined  are  much  flatter  and 
similar  in  shape  to  the  head  of  a mushroom.  There  are  good  examples,  now  in  the 
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National  Museum  of  Wales,  from  the  Ludlovian  of  the  Cardiff  St.  Helen’s  road  bore- 
hole (North  1916).  A typieal  specimen  has  a diameter  of  32  mm.,  a height  of  10  mm.  and, 
having  a slightly  concave  base,  a thickness  of  7-8  mm.  The  walls  are  thin  throughout, 
the  zooecia  are  of  two  sizes,  the  larger  04-0-5  mm.  in  diameter  and  the  crenulations  in 
the  walls  six  in  2 mm.  Very  few  diaphragms  were  noted.  Favosites  fibrilla  Smith  was 
described  from  Upper  Valentian  rocks  and  is  certainly  Monotrypa  crenulata  Nicholson 
(Owen  1960). 

Monotrypa  flabe/lata  Owen 

Plate  32,  figs.  1,  2 

Remarks.  This  species  was  described  in  1960,  the  wall  structure  differing  markedly  from 
that  of  Monotrypa  crenulata  Nicholson.  The  wall  is  thicker  throughout  and  the  laminae, 
viewed  in  longitudinal  section,  form  a V-shape  pointing  distally  so  that  the  centre  of  the 
wall  is  dark.  Tangential  sections  near  the  surface  also  show  a dark  line  between  the 
polygonal  zooecia.  Other  differences  are  as  follows.  The  zooecia  are  all  the  same  size, 
approximately  0-3-04  mm.  in  diameter,  no  larger  groups  being  observable.  The  crenula- 
tions are  less  regular  and  less  even  and  can  be  described  more  as  wrinkles  than  as  waves. 
Fewer  diaphragms  occur  though  they  are  occasionally  massed  close  together  near  the 
zoarial  surface.  Such  a massing  in  both  species  may  have  been  due  to  special  living  con- 
ditions surrounding  the  colonies. 

Specimens  of  Monotrypa  fiabeUata  Owen  have  also  been  collected  from  the  Upper 
Wootton  Beds  of  Backbury  Hill,  Woolhope.  These  have  been  found  encrusting  brachio- 
pod  shells.  The  zoarial  width  is  between  13-20  mm.,  and  the  thickness  4-5  mm.  The 
walls  are  relatively  thick,  the  diaphragms  few  and  the  crenulations  occur  as  wrinkles. 

Monotrypa  patera  sp.  nov. 

Plate  32,  figs.  3,  4 

Syntypes.  Manchester  Museum  LL  2604  and  LL  2605. 

Diagnosis.  Zoarium  flat,  disk-shaped,  buttonlike,  occasionally  encrusting,  10-20  mm. 
in  diameter  and  1-2  mm.  thick,  without  monticules  but  with  groups  of  larger  zooecia 
visible  on  the  surface.  Zooecia  arise  obliquely  from  a thick,  striated  epitheca  and  turn 
immediately  to  rise  vertically  to  the  zoarial  surface.  Walls  relatively  thick  throughout, 
crenulate  with  uneven  wrinkles,  and  showing  a marked  V-shape  in  the  alignment  of  the 
laminae  when  viewed  in  longitudinal  section.  Diaphragms  absent.  Apertures  polygonal, 
larger  ones  occasionally  up  to  0-5  mm.  in  diameter  and  five  in  2 mm.,  and  normal  ones 
0-3-0-35  mm.  in  diameter  and  7-8  in  2 mm.  Mesopores  absent,  though  occasionally 
normal  zooecia  rise  fairly  high  in  the  zoarium  and  appear  to  be  smaller  in  tangential 
section.  Bringewood  Beds. 

Remarks.  This  small  species  is  common  in  Bringewood  Beds  and  is  easily  recognizable 
with  the  hand  lens,  particularly  when  seen  in  section.  It  differs  in  zoarial  shape  from  the 
two  species  described  above.  In  its  thicker,  integrate  walls  and  crinkles  it  resembles  M. 
flabellata,  and  in  its  small  groups  of  rather  larger  zooecia  it  compares  with  M.  crenulata. 
There  is  little  doubt  that  the  three  species  are  closely  related. 
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Order  cryptostomata  Shrubsole  and  Vine  1883 
Family  arthrostylidae  Ulrich  1886 
Genus  nematopora  Ulrich  1888 

Dichotomously  branching  zoaria,  articulated  at  the  base  only,  with  apertures  opening 
on  all  sides.  Zooecial  chambers  short.  Common  in  Ordovician  and  Silurian  rocks. 

Nematopora  hexagona  sp.  nov. 

Plate  32,  figs.  5,  6,  7 

Syntypes.  Manchester  Museum  LL  2594  and  LL  2605. 

Diagnosis.  Zoarium  thin,  branching,  six-sided  with  apertures  on  all  sides,  slightly  flat- 
tened. Zooecia  short,  rectangular,  grouped  round  a central,  thread-like  axis,  the  aper- 
tures opening  into  a shallow  vestibule  in  thick,  calcareous  tissue.  Apertures  oval,  0-2  by 
0-12  mm.,  five  in  2 mm.  No  diaphragms  or  hemisepta.  No  mesopores  or  acanthopores. 
Elton  and  Lower  Bringewood  Beds. 

Remarks.  These  small  forms  are  very  common  and  highly  distinctive  in  section.  Numer- 
ous small  transverse  sections  demonstrate  the  six-sided  nature.  When  a vertical  section 
cuts  the  central  axis  it  is  often  seen  to  be  transparent,  though  the  zooecial  walls  are 
opaque  and  fibrous.  This  characteristic  is  also  noted  in  Fenestellids. 

Family  rhabdomesidae  Vine  1883 
Genus  rhombopora  Meek  1872 

Description.  Zoarium  small,  ramose,  rather  solid  and  stick-like.  Zooecia  radiate  from  an 
axis  to  reach  the  zoarial  surface  obliquely.  Apertures  within  vestibules,  irregularly  arran- 
ged in  longitudinal  or  oblique-spiral  rows.  No  mesopores.  Acanthopores  numerous,  often 
represented  on  the  surface  by  minute  spicules.  Silurian  to  Carboniferous. 

Rhombopora  mesopora  sp.  nov. 

Plate  32,  figs.  9,  10 

Holotype.  Manchester  Museum  LL  2607. 

Diagnosis.  Zoaria  of  branching  cylinders  0-7-1  mm.  in  diameter,  occasionally  encrusting. 


explanation  of  plate  32 

Figs.  1,  2.  Monotrypa  flabellata  Owen.  1,  Vertical  section  showing  thicker  walls.  2,  Tangential  section. 
LL  1526  A;  X 50. 

Figs.  3,  4.  Mouotrypa  patera  sp.  nov.  3,  Vertical  section  showing  central  dark  line  in  walls.  4,  Tan- 
gential section.  Syntypes  LL  2604  and  LL  2605 ; X 50. 

Figs.  5-7.  Nematopora  hexagona  sp.  nov.  5,  Vertical  section.  6,  Tangential  section  showing  zooecial 
apertures.  7,  Transverse  section  showing  hexagonal  zoarium.  Syntypes  LL  2594  and  LL  2605 ; x 50. 
Fig.  8.  Rhombopora  minima  Owen.  Part  tangential  section  showing  apertures  and  acanthopores. 
LL2608;  X 50. 

Figs.  9,  10.  Rhombopora  mesopora  sp.  nov.  9,  Vertical  section  showing  simple  zooecia  and  thickened 
walls.  10,  Tangential  section  showing  mesopores.  Holotype  LL  2607;  X 50. 
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OWEN,  Liidlovian  bryozoa 
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Zooecia  thin-walled  in  the  endozone,  running  obliquely  to  the  zoarial  surface  and  be- 
coming very  thick-walled,  up  to  0-1  mm.  in  thickness.  No  diaphragms.  Apertures  oval, 
0-15  by  0-08  mm.,  nine  in  2 mm.  Occasional  small  mesopores  develop  in  the  exozone. 
Small  acanthopores  numerous  but  not  clearly  defined  in  the  opaque  wall  tissue.  Upper 
Leintwardine  Beds. 

Remarks.  This  species  is  a small,  stick-like  form  and  its  thick  walls  are  clearly  visible  to 
the  naked  eye.  It  differs  from  Rhombopora  minima  Owen  in  having  simpler  zooecia  with- 
out hemisepta,  and  small  mesopores.  Although  Meek,  in  his  original  description  of  the 
genus,  noted  the  absence  of  mesopores,  this  species  fits  so  well  in  all  other  particulars 
that  there  is  little  point  in  erecting  a new  and  allied  genus  for  its  reception.  It  is  very 
much  the  commonest  species  in  the  Upper  Leintwardine  Beds. 

Rhombopora  minima  Owen 
Plate  32,  fig.  8 

Remarks.  This  little  bryozoan,  described  from  Builth  (Owen  1 960),  though  seldom  com- 
mon, is  found  at  all  levels  from  the  base  of  the  Elton  Beds  to  the  Lower  Leintwardine 
Series.  It  is  most  distinctive  with  its  small,  stout-walled  zoarium  and  its  calcareous 
exozone  where  lie  the  vestibules  of  the  zooecia.  There  is  little  variation  between  speci- 
mens throughout  the  range. 

Very  few  specimens  were  seen  in  the  beds  at  Builth  and,  as  really  good  tangential  sec- 
tions were  hard  to  find,  none  was  illustrated.  It  occurs  much  more  commonly  around 
Ludlow,  notably  throughout  the  Bringewood  Beds,  and  good  tangential  sections  have 
been  prepared  showing  the  distal  end  of  the  vestibule,  and  the  numerous,  strongly  de- 
veloped acanthopores.  Longitudinally,  five  apertures  occur  in  2 mm.,  and  the  mouth  of 
the  vestibule,  which  is  oval,  measures  0T5  by  0-08  mm.  The  acanthopores  are  circular  in 
section  and  up  to  0 03  mm.  across. 

Family  ptilodictydae  Zittel  1880 

Genus  ptilodictya  Lonsdale  1839 
PtHodictya  gracile  Owen 

Remarks.  Complete  specimens  of  this  species  were  not  seen  in  the  Ludlovian  rocks  of 
Builth  from  which  it  was  described  (Owen  1960).  In  the  Lower  Bringewood  Beds  at 
Millichope  Lodge  Gates  near  Ludlow  and  in  the  Upper  Bringewood  Beds  of  Weo  Edge 
it  is  very  common  indeed,  and  numerous  complete  specimens  have  been  collected.  They 
are  up  to  20  mm.  long  and  3-4  mm.  across.  In  zoarial  shape  they  resemble  P.  lanceolata 
(Goldfuss)  but  they  are  smaller  in  every  way.  One  might  consider  that  they  were  imma- 
ture forms  of  this  species  were  it  not  for  the  fact  that  the  full-sized  P.  lanceolata  also 
occurs  and  there  are  no  intermediate  forms,  and  also  that  their  zooecial  measurements 
and  apertures  are  markedly  smaller  than  those  of  the  young  sections  of  the  Gotland 
Ludlovian  P.  lanceolata  (Ross  1960),  the  apertures  averaging  in  the  median  range  of 
zooecia  0T9  by  0-09  mm.  (young  P.  lanceolata  0-22-0-28  by  0-1 2-0- 15  mm.)  and  in  the 
lateral  range 0-20  by  0-08  mm.  (0-26-0-36  by  0- 1 3-0T7  mm.).  Incidentally,  Mrs.  Ross  notes 
that  the  Wenlock  Limestone  forms  of  P.  lanceolata  are  more  robust  than  those  of  the 
Gotland  Ludlovian.  Lower  Elton  to  Upper  Bringewood  Beds. 
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In  the  Upper  Bringewood  Beds  of  Weo  Edge,  where  the  species  is  particularly  com- 
mon, ‘pearls’  are  also  very  numerous.  They  have  previously  been  associated  with 
Favositella  interpimcta  (Quenstedt)  (Oakley  1934)  which  also  occurs  in  these  beds  but 
is  very  much  less  common.  The  ‘pearls’  are  sometimes  so  numerous  that  they  form  an 
appreciable  part  of  the  rock.  They  were  certainly  noticed  in  section  inside  zooecia  but 
never  sealed  in.  It  is  to  be  wondered  if  they  have  any  connexion  with  this  species. 

Ptilodictya  lanceolata  (Goldfuss) 

Remarks.  I have  not  collected  this  species  myself  from  the  Ludlovian  rocks  of  the  Welsh 
Borderland,  but  have  examined  specimens  in  the  older  collections  which  are  reputed  to 
have  come  from  the  Aymestry  Limestone.  Up  to  100  mm.  or  even  more  in  length  and  10- 
15  mm.  in  breadth,  they  appear  to  be  indistinguishable  from  typical  Wenlock  Limestone 
examples. 

Acknowledgements.  I should  like  to  record  my  thanks  to  members  of  the  Ludlow  Research  Group 
who  have  helped  me  to  find  the  most  prolific  localities  and  have  discussed  other  faunal  problems 
with  me. 
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REVISION  OF  THE  GENUS  AMYELON  WILLIAMSON 


by  P.  D.  W.  BARNARD 


Abstract.  The  two  new  species  of  root  A.  bovius  and  A.  eqiiivius  are  described  from  the  Cementstone  Group 
of  the  Scottish  Lower  Carboniferous.  The  genus  Amyelon  Williamson  is  reviewed  and  an  emended  diagnosis 
given.  The  discussion  includes  a review  of  palaeozoic  roots  and  their  taxonomic  treatment  together  with  some 
comments  on  the  structure  of  palaeozoic  woods  of  gymnospermous  type. 

The  Lower  Carboniferous  rocks  of  Scotland  contain  a series  of  floras  from  which  a 
variety  of  detached  petrified  plant  organs  have  been  recovered.  Amongst  these  remains 
roots  are  relatively  abundant  though  only  a few  have  so  far  been  described  and  figured. 
Benson  (1933)  described  some  adventitious  roots  attached  to  Heterangium  and  Gordon 
(1935)  briefly  described  some  which  probably  belonged  to  Pitys  dayi.  The  two  species  of 
root  now  described  possess  certain  similarities  in  the  structure  of  their  secondary  wood, 
but  they  probably  belonged  to  quite  distinct  kinds  of  woody  plant. 

The  new  roots,  which  are  known  only  as  detached  organs,  have  sufficient  in  common 
with  Amyelon  radicans  (Williamson)  to  be  referred  to  the  same  form  genus.  This  was 
originally  erected  for  the  Upper  Carboniferous  root  previously  described  as  DictyoxyJon 
radicans  Williamson  1872  and  thought  to  belong  to  a ‘Dicotyledon’  (Conifer).  In  1874 
Williamson  revised  his  conclusions  regarding  this  root  for  which  he  then  proposed  the 
generic  title  Amyelon  and  described  it  as  belonging  to  plants  of  the  genus  Sphenophyllum. 
Renault  in  1879  described  some  structurally  preserved  organs  which  he  referred  to 
Unger’s  genus  Cordaites',  these  included  some  roots  (pi.  15,  figs.  13-17). 

Later  Scott  and  Williamson  (1894)  in  their  revision  of  Williamson’s  earlier  work  on 
Sphenophyllum  mentioned  that  the  roots  of  this  pteridophyte  had  only  recently  been 
figured  by  Renault  (1893)  and  they  made  no  mention  of  the  genus  Amyelon.  It  is  likely, 
therefore,  that  they  appreciated  that  Amyelon  was  more  like  the  root  that  Renault  (1879) 
had  referred  to  Cordaites.  In  Scott  (1900)  we  find  the  genus  Amyelon  included  in  the 
chapter  on  the  Cordaitales  as  the  root  of  plants  belonging  to  this  group  of  gymnosperms. 

The  secondary  wood  of  A.  radicans  and  of  the  two  new  species  of  root  described  here 
shows  the  type  of  ray  structure  (type  iv)  which  Andrews  (1940)  distinguished  as  typical 
of  the  Cordaitales  and  certain  pycnoxylic  Lower  Carboniferous  woody  stems  tradi- 
tionally assigned  to  the  Calamopityeae  (e.g.  Eristophyton,  Endoxylon,  and  Bilignea). 

The  genus  Amyelon  as  instituted  by  Williamson  (1874)  was  not  accompanied  by  a 
diagnosis.  I have  examined  Williamson’s  type  slides  in  the  British  Museum  (Natural 
History).  I also  prepared  some  new  slides  (topotype)  from  some  specimens  in  an  un- 
localized coal  ball  loaned  to  me  by  Dr.  K.  L.  Alvin,  from  the  collection  in  the  Botany 
Department,  Imperial  College,  London.  The  specimens  described  here  have  been 
investigated  by  the  peel  method  of  Lacey  et  al.  (1956), 

Organ  genus  amyelon  Williamson  1874 

Type  species.  A.  radicans  (Williamson  1872). 

Emended  generic  diagnosis.  Roots  with  small  stellate  protosteles  less  than  1 mm.  in 
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diameter  and  with  two  to  four  arms,  each  arm  ending  in  an  exarch  protoxylem.  Protoxy- 
lem  tracheids  annular  or  reticulate,  metaxylem  reticulate  or  multiseriate.  The  secondary 
xylem  compact,  composed  of  small  tracheids  of  an  average  diameter  less  than  45  /x,  and 
rays  uniseriate.  The  radial  wall  pits  in  one  or  more  series,  distant  or  contiguous,  round 
or  hexagonal.  Tangential  pits  present  on  some  tracheids  only  generally  those  of  the 
late  wood. 

Amyelon  radicans  Williamson 
Text-figs.  1g,  k;  2e,  j,  and  t 

1872  Dictyoxylon  radicans  Williamson,  p.  112. 

1 874  Amyelon  radicans  Williamson,  pp.  67-73 ; pi.  7,  fig.  46 ; pi.  8,  figs.  47-52 ; pi.  9,  figs.  53-58. 

Emended  diagnosis.  Primary  xylem  consisting  of  a two-,  three-,  or  four-armed  protostele 
about  0-6  mm.  in  diameter.  Secondary  xylem  possessing  growth  rings.  Tracheids  square 
or  polygonal  in  transverse  section,  of  average  dimensions  48x39  /x.  Bordered  pits  on 
radial  walls  in  2-5  vertical  rows,  oval  and  distant,  rarely  contiguous  and  hexagonal. 
Pits  with  narrow  borders,  apertures  oval  and  slightly  inclined,  opposed  at  a low  angle. 
Tangential  pits  not  confined  to  late  wood  tracheids,  distant,  scattered,  oval.  Rays 
uniseriate,  1-9  cells  high,  parenchymatous;  cross-field  pits  6-12,  half-bordered,  cupres- 
soid. 

Material.  Syntypes,  slide  nos.  930  to  974;  W.  C.  Williamson  collection,  Palaeontology  Department, 
British  Museum  (Natural  History)  and  topotype,  slide  nos.  2386-9;  Gordon  collection.  Geology 
Department,  King’s  College,  London.  Williamson’s  specimens  being  from  Oldham,  Lancashire, 
possibly  from  the  Bullion  seam  (Westphalian  A)  of  the  Lower  Coal  Measures. 

Additional  notes.  These  roots  are  very  variable  in  certain  features,  notably  in  the  number 
of  protoxylems,  the  distribution  of  the  tangential  pits,  and  the  height  of  the  rays.  In 
some  specimens  tangential  pits  are  rare  and  confined  to  the  late  wood  tracheids,  in  others 
they  are  of  more  general  occurrence  (being  found  in  about  20  per  cent,  of  the  tracheids). 
The  ray  height  in  the  type  specimen  and  in  the  one  selected  for  my  observations  is  1-5 
cells  (text-fig.  10).  In  some  specimens  I have  failed  to  detect  rays  over  3 cells  high,  but 
in  one  otherwise  identical  specimen  I found  rays  up  to  9 cells  high. 

The  protoxylem  consists  of  annular  or  reticulate  tracheids,  whilst  the  metaxylem  is 
pitted  like  the  secondary  wood.  There  are  a few  cells  of  conjunctive  parenchyma  sur- 
rounding the  protostele.  The  secondary  wood  tracheids  appear  thin  walled  and  ‘soft’, 
they  are  often  rectangular  with  the  tangential  sides  longer.  The  growth  rings  are  faint 
(text-fig.  1g)  and  easily  confused  with  lines  of  crushing  which  occur  frequently.  The 
maximum  and  minimum  dimensions  of  the  secondary  wood  tracheids  are  30-70  fx 


TEXT-FIG.  1.  Camera  lucida  drawings.  A,  Transverse  section  of  Amyelon  boviiis  to  show  the  position  of 
the  three  longitudinal  sections  b,  c,  and  d which  have  been  drawn  to  show  the  four  rows  of  lateral 
root  traces,  b and  d.  Tangential  sections  in  which  the  root  traces  appear  as  small  knots,  c.  Median 
radial  section  with  the  laterals  seen  running  horizontally  on  either  side.  A,  G.C.  2396;  b,  G.C.  2398 
(peel  2);  c,  G.C.  2398  (peel  17);  d,  G.C.  2399  (peel  30):  allx3. 

E,  F,  and  G,  Transverse  sections  of  secondary  wood  (x200)  to  show  growth-rings:  e,  A.  boviiis, 
G.C.  2425;  f,  A.  eqnivius,  G.C.  2431;  G,  A.  radicans,  G.C.  2387:  in  each  the  radial  diameters  of  the 
tracheids  along  one  file  are  shown  to  the  nearest  micron. 

H,  j,  and  K,  Tangential  longitudinal  sections  of  secondary  wood  (x40)  to  show  ray  height  and 
frequency:  h,  A.  boviiis,  G.C.  2391  (peel  7);  J,  A.  eqnivius,  G.C.  2433;  k,  A.  radicans,  G.C.  2388  (peel  2). 
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tangential  by  18-60  fx  radially.  The  pits  on  the  radial  and  tangential  walls  are  the  same 
size  6-9  IX  across.  The  ray  cells  are  65-126  fx  long  radially  by  23-56  fx  high  with  from 
6-12  pits  per  cross-field  (text-fig.  2e).  The  tracheid  ray  cell  ratio  is  7:1. 

Lateral  roots  are  of  frequent  occurrence  and  one  often  finds  associated  with  the 
larger  specimens  smaller  ones  with  little  or  no  secondary  xylem  and  a well-preserved 
cortex.  Some  roots  of  this  type  have  been  described  by  Osborn  (1909)  who  figured 
an  associated  mycelium  thus  suggesting  a mycorrhizal  relationship.  In  the  larger  roots 
the  outer  cortex  is  replaced  by  a deep-seated  periderm. 

Amyelon  radicans  may  possibly  belong  to  one  of  the  species  of  stem  belonging  to 
the  genus  Mesoxylon  Scott  and  Maslen.  I have  examined  slides  of  the  wood  of  the  four 
known  species  of  Mesoxylon  from  Lancashire  but  cannot  say  that  A.  radicans  is  the 
root  of  one  of  these  stems. 

Amyelon  bovius  sp.  nov. 

Plate  33,  figs.  1,4,  7;  text-figs.  1a-e,  h;  2a,  b,  f,  g,  k,  n,  o 

Diagnosis.  Primary  xylem  consisting  of  a four-armed  protostele,  0-5-0-8  mm.  in  dia- 
meter. Secondary  xylem  possessing  growth-rings.  Tracheids  square  or  polygonal  in 
transverse  section,  average  dimensions  28  X 33  /x.  Bordered  pits  on  radial  walls,  crowded, 
hexagonal,  in  2-4  vertical  rows.  Pit  apertures  oval  and  nearly  horizontal.  Pits  on  tan- 
gential walls  of  late  wood  distant,  scattered,  round.  Rays  uniseriate,  1-38  cells  high, 
parenchymatous,  cross-field  pits  6-12,  half-bordered,  cupressoid. 

Material.  Holotype  specimen  no.  1,  slide  nos.  2390  to  2393;  Gordon  collection.  Geology  Department, 
King’s  College,  London:  and  paratypes  slide  nos.  2394  to  2428;  together  with  peel  collection  and  rock 
specimens  from  the  Green  Ash  within  the  Cementstone  Group  (Upper  Tournaisian)  of  the  Calciferous 
Sandstone  Series  (Lower  Carboniferous)  at  Oxroad  Bay,  in  East  Lothian,  Scotland. 

Occurrence.  The  first  of  these  new  species  of  Lower  Carboniferous  root  comes  from  a nodule  in  volcanic 
ash  at  Oxroad  Bay  in  East  Lothian  where  it  forms  one  of  the  most  abundant  of  the  plant  remains. 

The  plants  from  this  locality  so  far  described  are  Tetrastichia  bupatides  Gordon,  Salpingostoma  dasii 
Gordon,  Eosperma  oxroadense  Barnard,  and  Calathospermum  jhvbriatian  Barnard  (1960a).  There  are 
as  yet  undescribed  some  four  stems,  another  seed,  some  clusters  of  sporangia,  and  some  rachises 
{Lyginorachis).  The  stems  consist  of  an  Eristophyton  sp.,  two  small  protostelic  stems  of  Aneurophyta- 
lean  or  Pteridospermic  affinities,  and  a small  herbaceous  lycopod.  Some  account  of  these  remains  is 
given  in  Barnard  (19606). 

Description.  The  primary  xylem  consists  of  a stellate  tetrarch  protostele  which  is 
between  0-5-1 -0  mm.  in  diameter.  The  smallest  cells  (protoxylem)  are  exarch,  as  in 
most  roots.  These  protoxylem  tracheids  are  less  than  10  p in  diameter  and  conse- 


EXPLANATION  OF  PLATE  33 

Fig.  1.  Amyelon  bovius  sp.  nov.  Transverse  section,  showing  very  clearly  the  four-armed  protostele 
and  dense  secondary  wood  with  one  faint  growth-ring;  holotype,  slide  no.  G.C.  2390  (peel  8),  x 22. 

Fig.  2.  Transverse  section  through  Gordon’s  Root  of  Pitys\  slide  no.  G.C.  1826,  x23. 

Figs.  3,  5,  6.  Amyelon  equiviiis  sp.  nov.  3,  Transverse  section,  secondary  wood  shows  clearly  defined 
growth-rings;  slide  no.  G.C.  2431,  x 2.  5,  6,  Radial  longitudinal  section  showing  tracheids  with  one 
row  of  pits  in  5 and  two  rows  in  6;  slide  no.  G.C.  2437,  5 (peel  16),  6 (peel  15),  x640. 

Fig.  4,  7.  A.  bovius  sp.  nov.  4,  Tangential  longitudinal  section  showing  a lateral  root  trace  passing 
through  the  secondary  wood;  slide  no.  G.C.  2427,  x 60.  7,  Radial  longitudinal  section,  to  show  the 
pitting;  slide  no.  G.C.  2422,  x640. 
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quently  have  proved  extremely  difficult  to  trace  in  longitudinal  section.  As  shown  in 
text-fig.  2k  they  have  annular  to  reticulate  thickenings.  The  metaxylem  consists  pre- 
dominantly of  large  tracheids  up  to  70  jj.  in  diameter  and  hexagonal  in  transverse  section. 
These  tracheids  have  round  distant  multiseriate  pits  on  their  longitudinal  walls,  though 
in  some  of  the  central  tracheids  the  pits  may  be  more  crowded  and  hexagonal.  The 
protostele  is  probably  more  or  less  surrounded  by  a layer  of  parenchyma,  though  this 
is  only  clearly  revealed  at  the  ends  of  the  arms  where  it  sometimes  reaches  a depth  of 
2-3  cells. 

The  secondary  xylem;  the  wood  in  transverse  section  (text-fig.  1e)  shows  growth- 
rings.  It  is  composed  of  radial  files  of  rectangular  or  polygonal  tracheids,  with  those  of 
the  early  wood  usually  slightly  broader  radially  than  tangentially,  and  uniseriate  rays. 
The  wood  of  the  larger  roots  is  generally  slightly  separated  from  the  primary  xylem 
probably  as  a result  of  the  breakdown  of  the  conjunctive  parenchyma.  In  many  of 
the  specimens  further  decay  has  resulted  in  splits  occurring  in  the  rays  opposite  the 
protoxylems,  and  quite  isolated  wedge-shaped  fragments  of  wood  are  of  fairly  frequent 
occurrence  in  the  matrix. 

The  secondary  wood  tracheids,  which  are  smaller  than  those  of  the  metaxylem, 
measure  14-48  tangentially  (average  28  jj)  and  10-60  /u,  radially,  with  an  average  for 
the  early  tracheids  of  33  ft.  The  smaller  tracheids,  some  one  to  three  of  which  form  the 
late  wood  in  any  growth-ring,  have  an  average  radial  breadth  of  1 3 ft.  In  radial  longi- 
tudinal section  the  tracheids  show  2-4  rows  of  hexagonal,  alternate  bordered  pits  with 
oval  apertures.  These  pits  which  cover  the  radial  walls  measure  10-14  ft  in  diameter 
(text-fig.  2o).  In  most  specimens  tangential  pits  occur  only  in  the  late  wood  tracheids 
where  usually  round  scattered  pits  are  to  be  found  throughout  the  length  of  the  tracheids 
(text-fig.  2f).  These  pits  resemble  those  found  in  the  primary  xylem.  In  two  specimens 
more  extensive  tangential  pitting  was  found;  in  one  of  these  specimens  some  tracheids 
were  observed  with  two  or  more  rows  of  crowded  hexagonal  pits  (text-fig.  2g). 

The  rays  are  uniseriate  and  usually  composed  of  radially  elongated  thin-walled 
parenchyma.  However,  in  some  of  the  higher  rays  the  cells  may  be  square.  They  measure 
28-100  ft  in  length  and  36-60  ft  in  height.  The  cross-field  pitting  is  not  very  clearly 
visible,  but  there  appear  to  be  6-12  half-bordered  ‘cupressoid’  pits  per  field  (text-fig. 
2a,  b).  The  rays  are  1-38  cells  high,  of  which  those  1-3  cells  high  are  most  frequent 
(text-fig.  1h).  As  seen  in  tangential  section  the  ratio  of  tracheids  to  ray  cells  (Gordon’s 
ratio)  is  5:1. 

In  the  majority  of  the  specimens  there  are  no  tissues  preserved  external  to  the  wood. 
In  one  better-preserved  specimen,  however,  some  thin-walled,  elongate  cells  were 
observed  next  to  the  wood;  these  may  be  cambial  cells  or  phloem.  Separated  from  the 
woody  cylinder  and  adjoining  cells  by  an  annular  mineral-filled  cavity  there  is  a black 
ring  of  cortical  tissue.  It  consists  of  4-6  layers  of  rectangular  cells  filled  with  black  con- 
tents and  is  lined  by  one  or  two  layers  of  thinner-walled  empty  cells. 

By  means  of  serial  longitudinal  sections  taken  through  a number  of  different  speci- 
mens it  has  been  demonstrated  that  the  lateral  roots  arise  in  four  rows  at  irregular 
intervals  of  from  1 mm.  to  several  centimetres  (text-fig.  1a  to  d).  The  primary  tissues  of 
the  lateral  root  pass  in  horizontally  or  nearly  so  and  fuse  with  one  of  the  protoxylem 
groups  of  the  parent  root.  The  lateral  roots  increase  slightly  in  diameter  as  they  pass 
out  through  the  secondary  wood  due  to  the  development  of  their  own  secondary  wood. 
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SO  that  the  diameter  of  the  individual  laterals  as  seen  in  tangential  longitudinal  sections 
varies  from  0-5-2-0  mm.  The  lateral  roots  are  all  broken  off  within  0-5-2-0  mm.  of  their 
emergence  from  the  main  root. 

Associated  with  some  of  the  typical  woody  roots  there  are  a few  specimens  without 
any  secondary  tissues  (text-fig.  2n)  which  may  possibly  be  small  laterals.  The  larger  roots 
are  remarkably  straight,  one  specimen  4 mm.  in  diameter  was  almost  perfectly  straight, 
throughout  a length  of  15  cm.  Some  of  the  smaller  specimens,  ones  less  than  3 mm.  in 
diameter,  have  a much  more  sinuose  form.  No  corraloid  mycorrhizal  forms  com- 
parable to  those  described  by  Osborne  and  referred  to  A.  radicans  have  been  observed; 
this  may  be  due  to  the  poorer  preservation  of  the  material. 

The  structure  of  the  wood  of  A.  hoviiis  cannot  be  matched  with  that  of  any  of  the 
stems  found  in  the  flora.  It  is  perhaps  suggestive  of  the  genus  Eristophyton;  a specimen 
referred  to  this  genus  in  the  Oxroad  Bay  flora,  has  usually  only  one  or  two  rows  of 
round  distant  pits  on  the  radial  walls  of  its  tracheids;  a few  tracheids  with  crowded 
hexagonal  pits  are,  however,  also  present.  The  rays  in  this  stem  are  uniseriate,  but  are 
only  1-8  cells  high. 

Amyelon  eqmvius  sp.  nov. 

Plate  33,  figs.  3,  5,  6;  text-figs.  If,  j;  2c,  d,  h,  m,  p-s;  3a 

Diagnosis.  Primary  xylem  consisting  of  a three-armed  protostele,  0-7  mm.  in  diameter, 
each  arm  terminated  by  an  exarch  protoxylem.  Secondary  xylem  consisting  of  tracheids 
and  rays  and  showing  clearly  defined  growth-rings.  Tracheids  square  or  polygonal  in 
transverse  section,  average  dimensions  32x38  jx.  Bordered  pits  on  the  radial  walls  of 
the  tracheids  round  and  distant,  in  1-3  rows.  Pit  apertures  round.  Pits  on  tangential 
walls  of  some  tracheids  only,  half  the  size  of  the  radial  wall  pits,  distant,  scattered.  Rays 
uniseriate,  1-9  cells  high,  parenchymatous,  cross-field  pits  2-6,  half-bordered,  cupres- 
soid. 

Material.  Holotype  specimen  and  slides,  nos.  2429  to  2437;  Gordon  collection.  Geology  Department, 
King's  College,  London,  from  the  shales  and  cementstones  from  just  above  the  Old  Red  Sandstone, 
the  Cementstone  Group  (Upper  Tournaisian)  of  the  Calciferous  Sandstone  Series  (Lower  Carboni- 
ferous) at  Horse  Roads  Bay,  in  Berwickshire,  Scotland. 

Occurrence.  The  second  new  species  of  root  is  represented  by  a single  specimen  (4  cm.  in  maximum 
diameter  by  6 5 cm.  long)  in  the  Gordon  collection.  It  is  from  Horse  Roads  Bay  in  Berwickshire.  In 
the  cementstones  at  this  locality.  Long  (I960,  and  personal  communication)  has  discovered  Genomo- 
sperma  latens  Long,  Samaropsis  scotica  Calder,  and  Stenomyelon.  The  plant  remains  are  petrified  with 
carbonate  and  heavily  stained  by  brown  oxides. 


TEXT-FIG.  2.  Camera  lucida  drawings,  a-e.  Radial  longitudinal  sections  showing  ray  cells  and  cross- 
field pitting,  all  x 350.  A and  b,  A.  bavins,  G.C.  2398  (peel  17),  G.C.  2399  (peel  25);  c and  d,  A.  eqnivius, 

G. C.  2437  (peels  15  and  16);  e,  A.  radicans,  G.C.  2389.  f-j.  Tangential  longitudinal  sections  showing 
tracheids  with  tangential  pits,  all  X 350.  f and  g,  A.  bavins,  G.C.  2391  (peel  7),  G.C.  2428  (peel  5); 

H,  A.  eqnivius,  G.C.  2433:  J,  A.  radicans,  G.C.  2388  (peel  2).  K,  radial  longitudinal  section  showing 
primary  xylem  in  A.  bavins,  annular  protoxylem  on  the  right,  pitted  metaxylem  to  the  left:  G.C.  2393 
(peel  11);  x350.  m.  Transverse  section  showing  the  centre  of  A.  eqnivius,  primary  xylem  solid  black, 
rays  in  secondary  wood  shown  by  discontinuous  lines.  G.C.  2431 ; x 20.  n.  Transverse  section  of  a 
small  rootlet  associated  with  A.  bavins,  G.C.  2404  (peel  2);  X 50.  o-t.  Radial  longitudinal  sections  of 
secondary  wood  tracheids  showing  pitting  all  X 250.  o,  A.  bavins,  G.C.  2399  (peel  25);  p-s,  A.  eqnivius, 

G.C.  2435;  t,  A.  radicans,  G.C.  2389. 
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Description.  The  primary  xylem:  unfortunately  the  small  triarch  protostele  (text-fig.  2m), 
which  measured  about  0-7  mm.  in  diameter,  is  badly  damaged  by  a large  split  which 
passes  through  the  centre  of  the  specimen.  The  metaxylem  tracheids  are  no  larger  than 
the  secondary  wood  tracheids;  they  are  polygonal,  and  as  seen  in  transverse  section 
measure  only  40  p in  diameter.  It  has  not  been  possible  to  distinguish  the  primary 
xylem  in  the  longitudinal  sections. 

The  secondary  xylem:  as  seen  in  transverse  section  (text-fig.  If)  the  wood  of  this 
species  looks  very  like  that  of  A.  bovius  except  that  the  tracheids  are  more  uniformly 
square  in  cross-section.  The  specimen  is  badly  cracked  both  radially  and  along  concen- 
tric arcs  which  has  resulted  in  flaking  on  one  side  so  that  the  centre  is  excentrically  dis- 
posed. This  does  not,  however,  reflect  the  pattern  of  growth  which  was  clearly  regular 
as  may  be  seen  from  the  growth-rings  which  form  a series  of  concentric  circles. 

The  secondary  wood  tracheids  measure  20-65  p tangentially,  average  32  p;  and  15- 
66  p radially,  average  31  p.  The  size  of  the  tracheids  usually  shows  some  decrease  from 
the  beginning  to  the  end  of  the  growth-ring  (text -fig.  If)  though  the  first  tracheids  in 
any  one  increment  are  not  always  the  largest.  In  radial  longitudinal  section  (text- figs. 
2p-s)  the  tracheids  have  from  one  to  three  rows  of  round  bordered  pits  with  round 
pores.  The  pits  are  14-18  p in  diameter,  and  most  conunonly  occur  in  a single  row;  two 
rows  of  alternate  pits  are  fairly  common  but  the  tracheid  with  three  rows  of  pits  is  ex- 
ceptional. The  tangential  walls  of  the  tracheids  are  usually  devoid  of  pits ; however, 
tangential  pits  occur  widely  in  peels  from  the  end  of  the  growth-rings.  These  pits  are 
smaller  than  those  on  the  radial  walls,  7-9  p in  diameter,  round  and  irregularly  scattered 
(text-fig.  2h). 

The  rays  are  homogeneous,  uniseriate  or  very  rarely  biseriate  (text-fig.  !j),  and  are 
composed  of  radially  elongated  cells  which  measure  35-70  p in  height  by  45-90  p in 
length.  The  cross-field  pits  have  been  observed  only  occasionally.  There  are  from  two 
to  six  pits  in  the  field  and  they  are  half-bordered  and  again  of  the  cupressoid  type  (text- 
fig.  2c,  d).  The  rays  are  1-9  cells  high;  their  frequency  is  shown  in  the  histogram  (text- 
fig.  3).  The  tracheid  ray  ratio  is  6 : 1 . No  tissues  have  been  observed  external  to  the  wood. 
A lateral  root  trace  has  been  observed  opposite  a protoxylem  group  in  a portion  of  the 
specimen  peeled  tangentially. 

The  secondary  wood  of  this  root  is  remarkably  like  that  of  the  stem  Bilignia  resinosa 
Scott  (1924).  I have  prepared  peels  from  a paratype  of  5.  resinosa,  labelled  in  Kidston’s 
handwriting  in  the  Gordon  collection,  and  have  been  able  to  compare  it  with  this  root. 
The  size  of  the  tracheids,  the  size  and  distribution  of  the  pits,  agrees  perfectly.  In 
B.  resinosa  the  rays,  especially  in  the  inner  part  of  the  wood,  are  higher  but  the  ray 
height  frequency  for  the  stem  13  mm.  from  the  pith  is  almost  identical  to  that  of  the 
wood  15  mm.  from  the  centre  of  the  root.  No  other  Lower  Carboniferous  stem  possesses 
so  much  similarity  in  the  histology  of  its  secondary  wood.  These  two  organs  may  pos- 
sibly belong  to  one  plant  species.  However,  as  so  far  they  are  only  known  from  separate 
localities  from  rocks  of  about  the  same  age,  the  root  can  at  present  only  be  referred  to  an 
organ  genus  for  roots. 

DISCUSSION 

Authors  have  differed  in  their  treatment  of  petrified  palaeozoic  roots;  some,  like 
Williamson,  have  described  roots  as  separate  entities,  the  rest  have  only  described  them 
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in  relation  to  the  supposed  stems  that  bore  them.  This  has  resulted  in  a very  uneven 
presentation  of  the  facts  concerning  these  organs.  I think  the  creation  of  clearly  defined 
organ  genera  for  the  reception  of  roots  is  highly  desirable.  All  the  roots  so  far  described 
may  be  placed  in  six  major  anatomical  classes:  Amyelon,  roots  of  Callixylon,  Kaloxylon, 
Astromylon,  roots  of  Sphenophyllum,  Rhizonium  sensu  Williamson  (1889). 

As  now  revised  the  genus  Amyelon  is  regarded  as  a repository  for  Palaeozoic  roots 
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TEXT-FIG.  3.  Histograms  to  show  the  frequency  distribution  of  the  height  of  200  rays;  A,  Amyelon 
equivius,  B.  Bilignea  resinoso.  The  height  is  expressed  as  the  number  of  cells  seen  in  tangential  longitu- 
dinal section. 

having  the  kind  of  secondary  wood  structure  broadly  characteristic  of  DadoxyJon. 
Besides  the  three  species  described  here  other  examples  can  perhaps  be  included  in 
the  genus.  One  such  example  is  the  root  described  by  Renault  (1879)  as  belonging 
to  Cordaites  and  coming  from  the  Stephanian  of  Autun  and  which,  as  stated  in  a later 
work  (1896),  has  a diarch  protostele. 

Our  knowledge  of  the  roots  of  Callixylon  is  based  on  C.  petryi  described  by  Beck 
(1953).  The  secondary  wood  of  this  root  showed  the  characteristic  radial  alignment  of 
pit  groups  on  the  radial  walls  of  the  tracheids,  a feature  so  far  found  only  in  this  genus  of 
Devonian  stems.  The  protostele  in  these  roots  has  the  form  of  a maltese  cross  with  two 
protoxylems  at  the  end  of  each  arm. 

The  genus  Kaloxylon  Williamson  (1876)  is  typified  by  K.  hookeri  Williamson;  it  has 
a large,  three-  to  eight-armed  protostele  (0-8-T5  mm.  in  diameter)  which  contains 
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tracheids  together  with  extensive  conjunctive  parenchyma.  The  secondary  wood  in  this 
species  contains  both  uniseriate  and  multiseriate  rays,  the  latter  arising  near  the  protoxy- 
lem.  This  root  has  been  shown  to  belong  to  the  pteridosperm  stem  Lyginopteris  oldhamia 
Binney.  The  roots  of  other  pteridosperms  are  similar  in  structure  and  could  be  classified 
as  organ  species  in  the  genus  Kaloxylon.  Thus,  the  roots  associated  with  Heterangium 
lomaxi  Scott  have  a tetrarch  protostele  (about  0-9  mm.  diameter)  and  very  little  con- 
junctive parenchyma.  The  secondary  wood  contains  multiseriate  rays  opposite  the  pro- 
toxylems  (Williamson  and  Scott  1895,  pi.  27,  fig.  27).  The  roots  of  H.  griev'd  Williamson 
were  briefly  described  by  Benson  ( 1 933) ; they  possessed  a two-  to  three-armed  protostele, 
and  the  secondary  wood  contained  multiseriate  rays.  The  roots  of  MeduUosa  anglica 
Scott  (1899)  are  triarch  (protostele  up  to  3 mm.  in  diameter)  and  contain  conspicuous 
conjunctive  parenchyma.  The  secondary  wood  contained  rays  up  to  three  cells  wide  and 
was  very  extensively  developed. 

The  roots  associated  with  Pitys  dayi  Gordon  (1935)  have  a tetrarch  protostele  (0-8- 
TO  mm.  diameter)  with  very  little  conjunctive  parenchyma.  The  secondary  wood  con- 
tains low  uniseriate  rays  together  with  high  rays  up  to  four  cells  wide  which  run  out  from 
the  protoxylem  groups.  The  structure  of  the  secondary  wood  of  these  roots  has  more 
in  common  with  that  found  in  Kaloxylon  than  that  of  Amyelon.  Should  these  roots  in 
fact  belong  to  P.  dayi  as  Gordon  suggests,  then  in  the  form  of  its  roots  this  species  of 
Pitys  shows  yet  another  structural  similarity  to  the  pteridosperms  in  addition  to  those 
enumerated  by  Gordon. 

Bertrand  and  Renault  (1887)  described  some  roots  from  Autun,  which  they  referred 
to  Poroxylon  edwardsi.  These  have  a diarch  protostele,  and  the  secondary  wood  contains 
broad  rays  opposite  the  protoxylems  which  gives  these  roots  the  appearance  of  a 
Kaloxylon.  Like  Pitys,  Poroxylon  possesses  a number  of  other  pteridosperm-like  features. 
Small  diarch  rootlets  without  secondary  tissues,  called  Radiculites  reticulatus,  were 
described  and  figured  by  Lignier  (1906)  from  the  Stephanian  of  Grand  ’Croix.  In  a 
subsequent  paper  (1911),  he  described  without  figures  a further  specimen  possessing 
secondary  tissues  and  compared  it  to  the  root  of  Poroxylon.  Thus,  the  name  Radiculites 
has  come  to  be  regarded  by  some  authors  as  a form  genus  for  the  roots  of  Poroxylon. 
There  is  probably  very  little  that  distinguishes  Radiculites  from  Kaloxylon.  This  already 
uncertain  taxonomic  situation  has  been  further  confused  by  Zalessky  (1937)  by  his 
erection  of  a new  genus  for  some  compressions  or  impressions  of  root-like  organs  of 
unknown  structure  from  the  Stephanian  of  the  Donetz  basin  which  he  called  Radiculites 
luganicus. 

The  genus  Astromyelon  Williamson  (1878)  is  typified  by  A.  willianisoni  (Cash  and 
Hick)  Williamson,  which  possesses  from  two  to  twelve  or  more  exarch  protoxylem 
groups  which,  in  all  except  the  finest  rootlets,  are  found  surrounding  a solid  pith.  Thus 
all  the  larger  woody  specimens  resemble  a calamite  stem  lacking  carinal  canals.  These 
roots  are  further  distinguished  by  their  lacunar  cortex.  They  are  associated  with  the 
stems  of  Calanutes  from  the  Westphalian  and  Stephanian. 

The  roots  of  Sphenophylium  are  superficially  very  like  Amyelon  as  seen  in  transverse 
sections.  Thus  Williamson  originally  catalogued  two  species  of  .4/uyc/o/?;  onQ,A.radicans, 
he  described  fully,  but  of  the  other  only  one  specimen  was  figured  (1874,  fig.  59)  and  its 
name  A.  reticula  turn  appears  only  in  his  catalogue.  This  inadequately  described  and 
figured  root  was  no  doubt  rightly  referred  to  Sphenophylium.  Renault  (1893-6)  is 
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regarded  as  the  first  person  to  describe  and  figure  the  roots  belonging  to  Sphenophyllmrr, 
his  roots  from  Autun  were  diarch.  The  English,  Westphalian  A,  root  specimens  of 
SphenophyUwn  possess  a small,  two-  or  three-armed  exarch  protostele  (0-3-0-5  mm. 
diameter)  surrounded  by  secondary  wood.  The  wood  shows  uniform  structure  unlike 
that  of  the  stem  in  which  a differential  development  occurs  opposite  the  protoxylems. 
It  consists  of  tracheids  with  multiseriate  bordered  pits  on  their  radial  walls  only; 
between  them  there  is  parenchyma  in  the  form  of  short  discontinuous  rays  connected 
by  vertical  columns  of  cells.  The  secondary  wood  is  thus  quite  unlike  that  in  Amyelon. 
The  first  clear  original  figure  of  the  English  SphenophyUwn  root  appeared  in  Scott 
(1920,  fig.  43). 

The  genus  Rhizonhun  Corda  (1845)  was  founded  on  specimens  of  stigmarian  root- 
lets. Williamson  (1889),  however,  though  recognizing  the  true  nature  of  the  species  in 
the  original  description,  used  the  genus  as  a form  genus  for  small  roots  without  any 
secondary  tissues.  He  described  as  species  of  this  genus  three  forms  from  English 
coal  measures  (Westphalian)  the  relationships  of  which  are  unknown. 

Growth-rings  occur  in  the  secondary  wood  of  the  three  specimens  of  Amyelon.  They 
have  also  been  reported  in  the  root  Callixylon  petryi.  The  presence  of  growth-rings  has 
also  been  recorded  in  a number  of  Carboniferous  and  Devonian  woody  stems,  Mesopitys 
tchihatcheffi  (Goeppert),  Bilignia  resinosa  Scott,  Endoxylon  zonatwn  (Scott),  Eristophy- 
ton  waltoni  (Lacey),  Megalomyelon  niyriodesmon  Cribbs,  Pitys  and  Callixylon  in  which 
genus  it  was  studied  by  Arnold  (1929).  So  far  secondary  wood  showing  growth-rings 
has  only  been  recognized  in  forms  possessing  Cordaitalean  features. 

The  three  specimens  of  Amyelon  have  all  been  found  to  possess  tangential  pits  on  the 
secondary  wood  tracheids.  These  tend  to  be  confined  to  the  late  wood  though  they  may 
occasionally  be  more  widely  distributed.  The  fairly  extensive  occurrence  of  tangential 
pits  in  palaeozoic  woods  has  been  noted  by  Andrews  (1940).  To  the  species  listed  in  that 
work  the  following  may  be  added,  Pilys  dayi  Gordon,  Eristophyton  waltoni  Lacey,  and 
Callixylon  petryi  Beck,  so  that  including  the  species  described  here  this  character  has 
been  recognized  in  a total  of  twenty-one  species  from  thirteen  genera.  The  evidence 
suggests  that  tangential  pitting  is  a palaeomorphic  character  and  that  the  absence  of 
pits  on  the  tangential  walls  of  early  wood  tracheids  is  a neomorphic  character  in  the 
secondary  wood,  this  being  the  reverse  of  Jeffery’s  (1917,  p.  49)  hypothesis  on  the  origin 
of  tangential  pits. 
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THREE  FRUCTIFICATIONS  FROM  THE 
SCOTTISH  LOWER  CARBONIFEROUS 

by  D.  L.  SMITH 


Abstract.  This  paper  gives  descriptions  of  three  fructifications  from  a Lower  Carboniferous  horizon  in  the 
Kilpatrick  Hills,  Dunbartonshire.  Two  new  specimens  of  Protopitys  scotica  Walton  provide  further  information 
about  the  structure  of  the  stem  and  spores  of  this  species.  Staphylotheca  kilpatrickensis  gen.  et  sp.  nov.,  probably 
the  pollen-bearing  organ  of  a pteridosperm,  has  yielded  fertile  and  abortive  spores.  Calathiops  trisperma  sp.  nov. 
is  a pteridosperm  fructification  consisting  of  small  cupules,  each  containing  three  ovules.  The  affinities  of  the 
three  species  are  discussed  briefly. 

The  three  plants  described  in  this  paper  were  obtained  from  a Lower  Carboniferous 
exposure  near  the  Loch  Humphrey  Burn  in  the  Kilpatrick  Hills,  Dunbartonshire. 
Several  new  species  have  already  been  described  from  the  bed  and  a complete  list  of 
these  is  given  in  Smith  (1959).  The  plant  remains  were  discovered  by  Professor  Walton 
in  a small,  lenticular  bed  of  fine  sandstone  in  the  series  of  sedimentary  rocks  which 
underlie  the  Clyde  Plateau  Lavas.  The  sandstone  of  the  bed  consists  largely  of  volcanic 
ash  which  was  probably  deposited  on  a land  surface  and  later  washed,  along  with  grains 
of  sand  and  other  silty  material,  into  a small  pool.  The  bed  has  been  attributed  to  the 
Cementstone  Group  (Tournaisian)  of  the  Calciferous  Sandstone  Series,  Lower  Car- 
boniferous. 

With  one  exception  the  plant  remains  used  in  the  investigation  were  preserved  as 
compressions.  The  exception,  a fragment  of  a stem  of  Protopitys  scotica,  was  petrified 
and  it  was  investigated  by  means  of  cellulose  acetate  peel  sections.  The  compressions 
were  examined  mainly  by  means  of  transfer  preparations  and  cellulose  nitrate  pulls, 
some  of  these  being  later  macerated  in  Schultze’s  solution  in  order  to  obtain  spores.  Such 
treatment  did  not  yield  any  epidermal  cuticles. 

Two  new  specimens  of  P.  scotica  have  been  found.  One,  a stem  fragment,  was  collected 
by  the  author;  the  other,  a sporophyll,  was  collected  by  Professor  Walton.  The  single 
specimen  of  Staphylotheca  kilpatrickensis  and  a specimen  of  Calathiops  trisperma  were 
also  collected  by  Professor  Walton.  An  additional  specimen  of  C.  trisperma  was  collected 
by  the  author. 

The  hand  specimens  used  in  the  investigation  are  in  the  Hunterian  Museum  Palaeo- 
botanical  Collection  and  the  slides  prepared  from  them  have  been  placed  in  the  Figured 
Slide  Collection,  both  collections  being  housed  in  the  Botany  Department,  University 
of  Glasgow. 

THE  GENUS  PROTOPITYS  GOPPERT,  1850 

Under  the  name  Protopitys  buchiana,  Goppert  described  the  secondary  wood  of  a 
stem  of  Lower  Carboniferous  age  from  Silesia.  Solms-Laubach  (1893)  described  other 
specimens  of  the  same  species,  also  from  Silesia,  and  included  a description  of  the 
medulla  and  primary  xylem.  Further  descriptions  of  this  species  have  been  given  by 
Seward  (1917,  p.  210)  and  Scott  (1923,  p.  145). 

[Palaeontology,  Vol.  5,  Part  2,  1962,  pp.  225-37,  pis.  34-35.] 
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Walton  (1957)  described  a new  species,  P.  scotica,  from  a fertile  specimen  which  he 
discovered  in  the  Loch  Humphrey  Burn  bed.  According  to  his  description  this  species 
is  similar  to  P.  buchiana  in  the  structure  and  arrangement  of  the  primary  xylem,  in  the 
origin  of  the  leaf  traces  from  the  primary  xylem,  and  in  the  structure  of  the  secondary 
xylem.  In  both  species  the  medulla  is  elongated  and  towards  each  end  there  are  two 
primary  xylem  groups  which  are  slightly  mesarch.  The  leaf  traces  are  derived  alternately 
from  each  pair  of  primary  xylem  strands  (Walton  1957,  text-fig.  1),  and  consequently 
the  leaves  are  arranged  distichously.  The  method  of  formation  of  the  leaf  trace  of  P. 
scotica  has  been  fully  described  by  Walton  (1957,  p.  335).  In  both  species  the  tracheids  of 
the  primary  xylem  are  described  as  having  scalariform  thickening,  those  of  the  secondary 
xylem  as  having  a single  row  of  transversely  elongated  bordered  pits,  with  often  oblique, 
elliptical  apertures  on  the  radial  walls. 

A third  species,  P.  radicam  Kidston  ex  Scott  (nomen  nudum),  was  mentioned  by 
Scott  (1923,  p.  153)  but  a description  has  so  far  not  been  validly  published. 

Because  of  its  possession  of  both  primitive  and  relatively  advanced  characters  the 
genus  Prolopilys  has  been  attributed  to  several  widely  different  plant  groups.  Goppert 
(1850),  who  described  only  the  secondary  wood  of  P.  buchiana,  regarded  the  plant  as  a 
conifer.  On  the  basis  of  its  primary  structure  Solms-Laubach  (1893)  concluded  that  it 
was  related  to  the  pteridosperms.  Seward  (1917)  considered  it  to  be  a generalized  type 
with  characters  of  both  ferns  and  the  Cordaitales.  Scott  (1923),  on  account  of  its  fern- 
like characters,  considered  it  to  be  an  isolated  type  of  pteridosperm.  Most  other  authors 
have  inclined  towards  the  latter  view.  Walton  (1957),  on  the  basis  of  the  probable 
pteridophytic  method  of  reproduction  of  P.  scotica,  placed  the  genus  in  a new  order  of 
the  Pteridophyta,  the  Protopityales,  though  he  qualified  this  by  adding  that  ‘it  is  possible 
that  it  may  be  found  to  be  more  closely  related  to  the  Pteridospermae,  or  some  other 
gymnospermous  group,  than  to  any  phylum  of  Pteridophyta’.  The  morphology  of  the 
spores  and  the  gymnospermous  nature  of  the  bulk  of  the  secondary  wood  of  P.  scotica 
suggest  that  the  latter  view  is  most  probably  the  correct  one. 

A similar  case  is  that  of  Archaeopteris,  of  which  Beck  (1960)  has  found  fronds  attached 
10  a stem  of  Callixylon;  he  has  thus  shown  that  a plant,  previously  thought  to  be  a 
heterosporous  fern,  had  a gymnospermous  type  of  secondary  wood.  Beck  now  places 
Archaeopteris  in  the  Pityales,  which  he  groups  with  the  orders  Aneurophytales  and 
Protopityales  in  a new  class,  the  Progymnospermopsida.  He  regards  this  as  an  ancestral 
group  from  which  the  gymnosperms  have  evolved.  The  additional  information  given 
below,  regarding  the  spores  and  secondary  wood  of  P.  scotica,  strongly  supports  Beck’s 
attribution  of  the  Protopityales  to  this  new  class  and  also  his  views  regarding  the  affinities 
of  the  class. 


SYSTEMATIC  DESCRIPTIONS  AND  DISCUSSION 

Class  PROGYMNOSPERMOPSIDA  Beck  1960 
Order  protopityales  Walton  1957 
Genus  protopitys  Goppert  1850 

Type  species.  P.  buchiana  Gdppert  1850. 

Emended  diagnosis.  Woody  axis  with  parenchymatous  medulla;  two  pairs  of  distinct 
primary  xylem  strands  with  protoxylem  elements,  at  opposite  ends  of  medulla ; metaxy- 
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lem  more  or  less  continuous  round  medulla.  Leaves  alternate,  distichous.  Below  a node 
each  of  the  two  strands  of  primary  xylem  at  one  side  divides  and  supplies  a strand  which 
passes  outwards.  The  two  strands  combine  to  form  the  leaf  trace.  Metaxylem  tracheids 
with  scalariform  thickening.  At  least  the  first  formed  tracheids  of  the  secondary  xylem 
with  a single  series  of  transversely  elongated  bordered  pits  on  radial  walls. 

Protopitys  scotica  Walton  1957 
Plate  34,  figs.  1-5;  plate  35,  figs.  1-3;  text-fig.  1,  2 

Syntypes.  Specimens  Pb  3320  and  Pb  2256,  in  the  Hunterian  Museum  Palaeobotanical  Collection,  and 
the  slides  prepared  from  them,  F.S.C.  921-1060,  1368-77,  in  the  Figured  Slide  Collection. 

Horizon.  Cementstone  Group  fTournaisian)  of  the  Calciferous  Sandstone  Series,  Lower  Carboniferous. 
Locality.  Tributary  on  south  side  of  Loch  Humphrey  Burn,  Kilpatrick  Hills,  Dunbartonshire. 

Emended  diagnosis.  Fertile  shoot  with  sporophylls  alternate,  distichous.  Leaf  trace 
curved,  adaxially  concave,  with  protoxylem  elements  on  adaxial  face.  Protoxylem 
tracheids  with  spiral  thickening,  metaxylem  scalariform.  First-formed  secondary 
tracheids  scalariform  to  pitted  with  a single  series  of  transversely  elongated,  bordered 
pits  on  radial  walls.  Later-formed  secondary  xylem  tracheids  with  irregularly  multi- 
seriate  pitting  on  radial  walls.  Pits  with  oblique,  elliptical,  crossed  apertures.  Vascular 
rays  uniseriate,  1-2  (-3)  cells  high.  Sporophyll  dichotomously  and  pinnately  branched; 
sporangia  borne  terminally  on  ultimate  divisions.  Sporangia  beaked,  c.  3 mm.  long, 
dehiscing  by  one  longitudinal  slit.  No  distinct  annulus. 

Spores  rounded  in  equatorial  outline,  approximately  75  to  355  g in  diameter.  Spore 
coat  thin,  laevigate,  usually  folded.  Trilete  mark  prominently  raised;  suture  narrow  and 
simple.  Each  spore  at  least  initially  enclosed  in  thin,  cutinized  membrane. 

Description  and  Discussion 

The  stem.  The  fragment  of  stem  is  about  10  mm.  long.  It  is  elliptical  in  transverse  section, 
the  greatest  diameter  being  1 1 mm.,  the  shortest  7 mm.  The  medulla  is  elliptical,  2-5  mm. 
long  and  1 mm.  broad.  The  secondary  xylem  is  unevenly  developed,  being  2-5  mm. 
broad  at  one  end  of  the  ellipse  but  6-0  mm.  at  the  other.  Two  growth-rings  are  present 
in  the  secondary  xylem.  The  outer  is  very  conspicuous  and  extends  completely  round 
the  stem;  the  inner  is  much  less  conspicuous  and  is  incomplete.  The  primary  xylem  has 
the  same  arrangement  as  in  Walton’s  type  specimen,  with  two  slightly  mesarch  groups 
projecting  into  each  end  of  the  elliptical  medulla  (Plate  34,  fig.  1).  There  are  no  leaf 
traees  in  the  new  specimen.  It  differs  from  the  original  type  specimen  in  possessing  a 
well-developed  ring  of  secondary  xylem  and  in  the  absence  of  leaf  traces. 

The  cells  of  the  medulla  have  been  compressed  laterally  and  are  rather  distorted 
(Plate  34,  fig.  1).  The  average  measurements  of  twenty  cells  from  the  centre  of  the 
medulla  are;  maximum  diameter  79  p,  minimum  diameter  33  p,  i.e.  the  cells  are  now 
approximately  2-4  times  as  long  as  they  are  broad.  As  already  mentioned,  the  maximum 
diameter  of  the  elliptical  pith  is  about  2-5  mm.,  the  minimum  1 mm.  Therefore,  if  the 
pith  cells  were  originally  isodiametric  (in  transverse  section)  the  pith,  and  consequently 
the  stem,  must  originally  have  been  more  or  less  circular  in  section.  The  cells  are 
arranged  in  longitudinal  files  and  are  commonly  four  to  twelve  times  as  long  as  they  are 
broad  (text-fig.  1a). 
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The  protoxylem  tracheids  have  spiral  thickening;  those  of  the  metaxylem  have 
scalariform  thickening  with  occasional  reticulation  (text-fig.  1b).  It  is  impossible  to 
decide  whether  there  is  a continuous  single  layer  of  metaxylem  elements  in  contact  with 
the  secondary  wood,  as  described  in  the  original  type  specimen.  The  innermost,  i.e. 


TEXT-FIG.  1.  Protopitys  scotica.  A,  Longitudinal  section  of  cells  of  the  medulla;  b,  metaxylem  tracheids 
with  scalariform  thickening;  c,  secondary  xylem  tracheids  with  scalariform  thickening;  d,  secondary 
xylem  tracheid  with  scalariform  pitting;  e,  secondary  xylem  tracheid  with  uniseriate  pitting;  f,  secon- 
dary xylem  tracheids  with  partly  biseriate  pitting;  g,  secondary  xylem  tracheids  with  pits  having  crossed 
apertures ; h,  radial  section  of  the  first  formed  secondary  xylem  showing  the  ray  cells  and  the  cross-field 
pitting;  J,  radial  section  of  the  later  formed  secondary  xylem  showing  the  more  numerous  pits  of 
the  cross-field  areas,  a-f  and  h drawn  from  slide  F.S.C.  1375;  g and  j drawn  from  slide  F.S.C.  1376; 

all  magnifications  X 400. 


the  first-formed,  tracheids  of  the  secondary  xylem  also  have  scalariform  thickening 
with  some  reticulation  (text-fig.  Ic).  The  secondary  scalariform  tracheids  differ  from  the 
primary  in  that  they  are  distinctly  bordered.  There  is  a rapid  transition  to  scalariform 
pitting  (text-fig.  Id)  and  then  to  tracheids  with  a single  series  of  transversely  elongated 
bordered  pits  with  transverse  or  slightly  oblique  elliptical  apertures  on  the  radial  walls 
(text-fig.  1e).  The  latter  is  the  pitting  described  by  Walton  in  the  original  specimen. 
Partially  biseriate  pitting  is  also  present,  probably  as  a development  from  reticulation 
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(text -fig.  If).  The  above  types  of  tracheid  are  confined  to  the  1 to  2 mm.  of  secondary 
xylem  nearest  to  the  medulla.  Most  of  the  secondary  xylem  tracheids  have  multiseriate 
pitting  on  the  radial  walls.  Usually  there  are  up  to  three  irregular  vertical  rows  of  pits 
(Plate  34,  1,  figs.  2,  and  3;  text-fig.  lo).  The  pits  are  slightly  oval  to  circular  and  have 
elliptical  apertures.  The  two  apertures  of  the  pit  are  crossed.  The  pits  are  not  usually 
crowded.  Pitting  of  this  type  is  probably  present  in  the  outermost  tracheids  of  the 
secondary  xylem  of  Walton’s  specimen,  though  owing  to  the  state  of  preservation  of 
the  outer  regions  of  the  stem  and  the  plane  of  the  sections,  this  is  not  certain.  Pits  of 
this  type  do  occur  occasionally,  however,  on  the  tangential  walls  of  the  secondary  xylem 
tracheids  in  his  specimen  ( Plate  34,  fig.  4). 

The  rays  are  small  and  numerous.  Most  are  one  cell  high  but  a few  two  or  three  cells 
high  are  present.  All  the  rays  are  uniseriate.  The  ray  cells  may  be  up  to  twice  as  long 
as  they  are  high  (text-fig.  1h,  j).  They  are  thin-walled.  In  the  cross-field  areas  there  are 
normally  from  one  to  twelve  circular  to  oval  pits.  At  about  2 mm.  from  the  medulla, 
in  the  broadest  zone  of  secondary  wood,  there  are  most  commonly  one  to  four  large 
round  pits  per  cross-field  area  (text-fig.  1h).  The  pits  appear  to  be  of  the  cupressoid 
type,  with  a narrow  border  and  an  oblique,  elliptical  aperture.  Towards  the  periphery  of 
the  secondary  wood  the  pits  are  more  numerous  (text-fig.  1j),  being  most  commonly  six 
to  twelve  per  cross-field  area,  though  up  to  twenty-one  have  been  counted.  The  pits 
here  are  smaller.  Some  of  them  are  apparently  bordered  but  the  aperture  is  often  almost 
circular.  Many  of  the  pits  in  this  region  appear  to  be  simple,  without  a border,  though 
this  may  be  due  to  poor  preservation. 

The  tissues  outside  the  secondary  xylem  have  not  been  preserved. 

The  sporophyll  and  sporangia.  The  original  specimen  of  Protopitys  scotica  was  apparently 
immature  since  the  sporophylls  had  not  unfolded  and  the  sporangia  had  not  dehisced. 
From  the  evidence  available  Walton  (1957,  p.  355)  concluded  that  the  sporophylls  were 
arranged  alternately  on  opposite  sides  of  the  stem  and  that  the  branching  of  the  sporo- 
phyll was  mainly  dichotomous,  but  the  smaller  rachides  which  bore  the  sporangia  were 
branched  in  a pinnate  manner.  Apparently  the  sporophylls  were  entirely  fertile. 

The  new  specimen  collected  by  Professor  Walton  is  a compression  of  a plant  frag- 
ment fitting  the  above  description  of  a sporophyll  of  P.  scotica  (Plate  34,  fig.  5).  It  con- 
sists of  a dichotomizing  rachis  bearing  at  the  tips  of  its  four  main  branches  a number  of 
irregular  branches  arranged  more  or  less  pinnately.  This  pinnate  arrangement  is  clearly 
derived  from  a dichotomous  system. 

Several  nitrocellulose  pulls  were  prepared  from  this  specimen.  Two  of  these  were 
mounted  on  slides;  one  was  macerated  in  Schulze’s  solution  and  the  residue  mounted. 
From  an  examination  of  the  mounted  pulls  it  was  obvious  that  the  ultimate  divisions  of 
the  rachis  bore  sporangia,  but  unfortunately  dehiscence  had  occurred  before  fossiliza- 
tion  and  very  few  spores  were  present  in  them.  The  sporangium  wall  was  reasonably 
well  preserved  and  does  not  appear  to  differ  from  that  of  P.  scotica  described  and  figured 
by  Walton  (1957,  pi.  in,  fig.  19).  Two  stomata  were  also  observed  on  a sporangium 
wall  and  these  too  agreed  with  that  of  P.  scotica  figured  by  Walton  (1957,  pi.  iii,  fig.  18). 

The  residue  of  the  macerated  pull  contained  fifty-one  spores  of  which  forty-six  were 
of  one  type.  The  latter  group,  although  morphologically  similar,  showed  an  enormous 
size  range  of  about  150  g,  from  about  80  to  230  g.  Many  of  them  were  enclosed, 
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individually,  in  a discrete,  cutinized  membrane.  The  remainder  had  apparently  shed  their 
membranes  since  detached  membranes  were  present  in  the  residue. 

In  order  to  carry  out  a complete  comparison  and  to  establish  definitely  that  the  new 
specimen  was  attributable  to  P.  scotica,  spores  were  isolated  from  the  original  type 
specimen.  A small  fragment  was  detached,  treated  first  with  dilute  hydrochloric  acid 
and  then  with  concentrated  hydrofluoric  acid.  Half  the  residue  was  mounted  directly  in 
glycerine  jelly ; the  other  half  was  first  macerated  in  Schulze’s  solution  and  then  mounted. 
There  was  no  appreciable  difference  between  the  two  batches  of  spores  so  obtained, 
and,  more  important,  they  were  identical  with  the  forty-six  spores  isolated  from  the 


TEXT-FIG.  2.  Histogram  of  spore  size  in  Frotopitys  scotica.  The  shaded  part  represents  the  complete 
spores  measured.  The  unshaded  part  represents  the  damaged  spores  whose  size  was  estimated  by 

measuring  the  trilete  mark. 

new  specimen.  It  was  concluded,  therefore,  that  the  new  specimen  is  specifically  identical 
with  P.  scotica  and  that  it  confirms  Walton’s  deductions  regarding  the  morphology  of 
the  sporophyll. 

The  spores.  The  two  interesting  features  of  P.  scotica  arising  from  this  further  investiga- 
tion, using  maceration  techniques,  are  the  morphology  and  size  range  of  its  spores. 
Walton  (1957,  p.  337)  stated  that  three  sizes  of  spores  were  present,  in  separate  sporangia. 
Most  sporangia  had  small  spores  (diameter  82  /x);  some  had  large  spores  (147  /x);  while 
some  had  spores  of  an  intermediate  size  (98  p).  An  examination  of  the  type  slides  by 
the  author  has  confirmed  this  observation,  but  it  is  obvious  that  the  spore  samples 
obtained  by  maceration  strongly  contradict  it.  The  histogram  in  text-fig.  2 shows  the 
size  range  of  the  spores  isolated  from  the  original  type  specimen  by  maceration.  It 
shows  an  almost  continuous  variation  in  size.  Two  hundred  and  sixty-one  complete 
spores  were  measured;  they  showed  a size  range  from  75  to  355  p,  with  a mean  of  125  p. 
About  70  per  cent,  of  the  spores  were  in  the  range  90  to  150  p. 

An  attempt  was  made  to  isolate  the  spores  from  a single  sporangium  but  it  was  un- 
successful. As  far  as  can  be  determined  from  peel  sections  the  range  in  size  of  the 
spores  within  any  one  sporangium  is  very  small.  This  is  what  would  be  expected.  In  one 
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sporangium  twenty  spores  measured  had  a mean  size  of  1 02  /x,  the  range  being  from 
95  to  107  IX.  In  another  sporangium  twenty  spores  had  a mean  size  of  147  fi,  the  range 
being  137  to  160  fx. 

It  was  thought  that  the  count  obtained  for  the  larger  spores,  i.e.  above  200  fx,  was 
inaccurate.  Many  of  the  spores  measured  were  damaged  and  the  number  of  fragments 
present  suggested  a rather  higher  number  of  large  spores  than  was  shown  by  the  counts. 
Since  repeated  attempts  to  isolate  more  undamaged  large  spores  were  unsuccessful  an 
estimate  of  their  numbers  was  made  by  measuring  the  rays  of  the  trilete  mark  present 
on  spore  fragments.  Only  those  showing  at  least  two  of  the  three  rays  were  measured. 
The  average  length  of  the  rays  multiplied  by  4-4  gives  the  approximate  diameter  of  the 
spore,  since  the  ratio  of  the  length  of  the  ray  to  the  spore  diameter  is  constant  through- 
out the  size  range.  The  emended  histogram  (text-fig.  2)  gives  a second  peak  at  about  280  ix. 

Often  the  spore  is  surrounded  by  a discrete,  cutinized  membrane  (Plate  35,  fig.  2).  It 
could  be  a sort  of  perispore  or  it  could  be  a true  air-bladder  or  saccus  such  as  is  found  in 
species  of  Glomospom  B.  & W.  or  Remysporiles  B.  & W.  In  many  cases  the  spore  is  free 
inside  this  membrane,  though  occasionally  it  appears  to  be  attached  to  the  spore  along 
the  rays  of  the  trilete  mark.  Detached  membranes  are  quite  common  in  the  maceration 
and  many  of  them  show  the  trilete  mark  quite  clearly  (Plate  35,  fig.  3).  Even  so  it  is  likely 
that  they  functioned  as  air  bladders  in  spore  dispersal  since  spores  with  the  membrane 
still  attached  have  been  found  among  the  dispersed  spores  in  the  bed.  The  membrane 
has  many  small  folds  so  that  it  is  usually  irregular  in  outline.  The  surface  is  smooth  to 
microreticulate. 

The  spore  itself  (Plate  35,  fig.  1)  is  more  or  less  circular  in  equatorial  outline.  The 
margin  is  smooth.  The  spore  coat  is  fairly  thin  and  usually  folded.  It  is  usually  perfectly 
smooth  though  occasionally  it  appears  to  be  slightly  roughened.  The  trilete  mark  is 
prominent.  The  rays,  which  are  straight,  extend  for  about  half  the  length  of  the  radius. 
The  ratio  of  the  length  of  the  trilete  mark  to  the  diameter  of  the  spore  is  fairly  constant 
and  is  independent  of  the  size  of  the  spore.  The  suture  is  narrow  and  simple.  The  lips 
are  prominently  raised. 

Discussion.  The  new  stem  fragment  of  Prolopitys  scotica  differs  significantly  from  that  of 
the  original  type  specimen  and  from  those  of  P.  buchiana  and  P.  radicans  in  the  struc- 
ture of  its  secondary  xylem.  The  first-formed  secondary  xylem  of  P.  scotica  (and  that  of 
Walton’s  specimen  is  almost  entirely  in  this  category)  consists  of  radially  seriate  tracheids 
with  uniseriate,  transversely  elongated,  bordered  pits  and  is  in  this  respect  similar  to 
the  secondary  xylem  of  the  other  two  species.  The  multiseriate  pitting  of  the  later  wood 
of  P.  scotica  is  entirely  different  from  anything  found  in  the  other  two  species.  A further 
difference  is  in  the  structure  of  the  vascular  rays.  Those  of  P.  buchiana  may  be  up  to 
fifteen  cells  high  and  occasionally  they  are  biseriate.  There  are  from  one  to  six  pits  per 
cross-field  area.  These  differences  are  not  considered  sufficient  to  remove  P.  scotica 
from  the  genus  Protopitys,  since  the  structure  of  the  first-formed  secondary  xylem  and 
the  arrangement  and  structure  of  the  primary  xylem  are  probably  more  important 
characters.  The  wood  of  P.  scotica  is  most  probably  representative  of  a more  advanced 
type  of  organization  within  the  group.  The  later-formed  secondary  xylem  is  similar  to 
that  of  some  stems  at  present  attributed  to  the  Cordaitales,  e.g.  Endoxylon  zonatum 
Scott  (Lacey  1953). 
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The  spores  of  P.  scotica,  as  obtained  by  maceration,  are  of  considerable  interest.  The 
two  most  outstanding  features  are  the  range  in  size  and  the  possession  of  an  enclosing 
cutinized  membrane.  The  nature  of  this  membrane  is  uncertain  but  it  is  similar  to  the 
perispore  of  some  modern  ferns.  As  defined  by  Bower  (1923,  p.  259)  the  perispore  is  a 
tapetal  deposit  on  the  outside  of  the  spore  wall,  appearing  like  a loose  sac.  It  is  laid 
down  after  the  division  of  the  spore-mother  cell.  It  is  possible  that  in  the  present  case 
the  membrane  is  homologous  with  the  air  sac  or  saccus  of  some  monosaccate  spores 
and  pollen,  which  is  derived  from  the  exine.  In  the  absence  of  any  information  regarding 
its  origin  the  non-committal  term  ‘perine’,  as  used  by  Erdtman  (1952),  should  perhaps 
be  used. 

Walton  (1957,  p.  338)  has  suggested  that  P.  scotica  probably  represents  a stage  in 
the  evolution  of  heterospory.  Though,  as  the  histogram  in  text-fig.  2 shows,  the  spores 
do  not  fall  into  three  distinct  size  categories,  as  he  thought,  the  fact  that  they  tend  to  fall 
into  two  broad,  indistinct  size  groups  provides  stronger  support  for  his  views.  There  is 
no  morphological  difference  between  the  two  groups  and  there  is  no  way  of  telling 
whether  they  did,  in  fact,  function  as  microspores  and  megaspores. 

Had  the  spores  been  encountered  only  as  sporae  dispersae  those  which  had  shed  their 
‘perines’  would  without  doubt  have  been  placed  in  the  genus  Calamospora  S.,  W.  & B., 
species  of  which,  as  the  name  implies,  are  thought  to  be  the  spores  of  calamites.  Many 
species  are  distinguished  solely  by  their  size  and  the  spores  of  P.  scotica  would  probably 
be  placed  in  one  or  other  of  the  following  species,  according  to  their  size: 

C.  licpuda  Kosanke  76-94  p. 

C.  perrugosa  (S.,  W.  & B.)  Loose  130-160  /x 

C.  laevigata  (S.,  W.  & B.)  Ibrahim  250-500  g 

Had  the  ‘perine’  still  been  present  the  classification  of  the  spores  would  have  been 
doubtful.  They  would  probably  have  been  compared  to  a monosaccate  type  such  as 
Glomospora  B.  & W.  or  Remysporites  B.  & W.,  a genus  whose  only  known  species,  R. 
magnificus  (Horst)  B.  & W.,  is  the  pollen  of  a pteridosperm,  Paracalathiops  stachei 
Remy  (Butterworth  and  Williams  1958). 

Class  PTERIDOSPERMEAE  Oliver  & Scott  1904 
Genus  staphylotheca  gen.  nov. 

Type  species.  S.  kilpatrickensis  sp.  nov. 

Diagnosis.  Dichotomizing  rachides  with  undulate  margins ; having  on  undersurface 
bunches  of  linear  organs  among  which  or  on  which  sporangia  are  borne. 
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Figs.  1-5.  P.  scotica.  1,  Transverse  section  of  part  of  stem,  showing  medulla,  two  primary  xylem  groups 
and  secondary  xylem,  X 50  (F.S.C.  1370).  2,  Radial  longitudinal  section  of  secondary  xylem,  showing 
pitting  and  rays,  X 150  (F.S.C.  1376).  3,  Radial  wall  of  secondary  tracheid,  showing  pits  with  crossed 
apertures,  X 500  (F.S.C.  1376).  4,  Tangential  wall  of  secondary  tracheid  showing  pitting,  X 500 
(F.S.C.  953).  5,  Compression  of  a sporophyll,  X 1 (Pb  2696). 

Fig.  6.  S.  kilpatrickensis,  compression  of  fructification,  x2  (Pb  335). 

Fig.  7.  C.  trisperma,  compression  of  group  of  ovulate  cupules,  X 2 (Pb  3326). 
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Staphylotheca  kilpatrickensis  sp.  nov. 

Plate  34,  fig.  6;  plate  35,  figs.  4,  5;  text-fig.  3 

Holotype.  Specimen  Pb335  in  the  Hunterian  Museum  Palaeobotanical  Collection,  and  the  slides  pre- 
pared from  it,  F.S.C.  1387-9,  in  the  Figured  Slide  Collection. 

Horizon  and  locality.  As  for  Protopity.'i  scotica. 

Diagnosis.  Rachides  bearing  linear  organs  in  bunches  of  ten  to  twenty;  up  to  10  mm. 
long,  0-5  mm.  broad.  Sporangia  borne  among  these  organs  ovoid,  about  1 mm.  long, 
0-7  mm.  in  diameter. 

Spores  round,  78  to  100  |U  in  diameter,  mean  87  p.  Spore  coat  up  to  5 thick  distally, 
2 p thick  proximally.  Ornamentation  round  to  linear  depressions,  4 to  10^  long,  up 
to  3 |U  deep.  Rays  of  trilete  mark  straight,  extending  for  over  half  radius;  suture  with 
simple  margins;  lips  not  raised. 

Description.  The  specimen,  as  collected,  consisted  of  a rather  irregular  rachis  with  a 
single  dichotomy.  A second  rachis  of  similar  appearance  arose  from  under  one  of  the 
branches  but  was  separated  from  it  by  about  1 mm.  of  rock.  The  rachis  has  undulate 
margins  and  varies  from  about  3 to  5 mm.  in  width  (Plate  34,  fig.  6).  Whether  it  was 
flattened  or  rounded  in  nature  is  impossible  to  decide  but  as  the  film  of  coal  now 
representing  the  rachis  is  almost  1 mm.  thick  in  parts  it  must  have  been  a fairly  massive 
structure. 

Two  saw  cuts  were  made  across  part  of  the  fructification  (Plate  34,  fig.  6)  and  the 
intervening  rock  was  chipped  away.  Transfers  were  made  from  the  fragments  removed; 
these  were  later  macerated  to  yield  large  numbers  of  spores.  During  the  chipping  it  was 
found  that  the  second  rachis  was  actually  a branch  of  the  right-hand  fork  of  the  main 
rachis.  Transfers  and  pulls  of  the  rachides  have  yielded  very  little  detail  of  its  structure. 
The  only  tissue  preserved  was  the  xylem  where  a few  fragments  of  scalariform,  reticulate 
and  irregularly  pitted  tracheids  were  found.  They  were  similar  to  those  of  Geminilheca 
scotica  (Smith  1959).  The  pits  are  transversely  elongated  and  have  transverse  elliptical 
apertures.  They  are  not  crowded. 

Attached  to  short  slender  pedicels  on  the  underside  of  the  rachis  are  several  bunches 
of  linear  organs  which  were  at  first  thought  to  be  sporangia.  There  are  at  least  ten  in 
each  bunch,  possibly  twice  that  number.  It  is  impossible  to  decide  whether  they  are 
entirely  free  from  one  another  or  whether  they  are  fused  at  the  base.  Most  of  them  are 
7 to  10  mm.  long  and  about  0-5  mm.  broad.  Pulls  and  transfers  revealed  very  little  of 
their  structure;  they  appear  to  have  consisted  largely  of  thin-walled,  elongated  cells. 
It  is  possible  that  they  were  sporophylls  since  the  sporangia  are  borne  among  them. 
They  are,  however,  more  numerous  than  the  sporangia.  Alternatively,  they  may  have 
formed  a rudimentary  cupule. 

The  sporangia  are  ovoid,  up  to  1 mm.  long  and  0-7  mm.  in  diameter.  There  is  no 
indication  whether  or  how  they  were  attached  to  the  organs  among  which  they  were 
borne.  No  structural  details  of  the  sporangial  wall  have  been  observed.  Several  spore 
masses  have  been  isolated  from  individual  sporangia  and  in  addition  several  thousand 
isolated  spores  have  been  obtained  by  macerating  the  transfers.  In  addition  to  obviously 
immature  spores  there  are  two  types  of  apparently  fully  developed  spores  which  occur 
in  the  same  sporangia.  For  convenience  they  are  referred  to  here  as  types  A and  B. 

Spores  of  type  A (Plate  35,  fig.  4)  are  by  far  the  commoner.  They  are  more  or  less 
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circular  in  equatorial  outline.  They  vary  from  78  to  100  fi  in  diameter,  mean  87  ix.  At  the 
distal  end  the  spore  coat  is  4 to  5 ju.  thick  but  at  the  proximal  end  it  is  only  about  2 fx. 
A number  of  depressions  or  large  punctations  is  present  over  most  of  the  spore  surface, 
though  they  tend  to  be  absent  from  the  contact  faces.  They  are  usually  4 to  \0  ix  in 
diameter  and  up  to  3 deep ; most  are  circular  to  subcircular  in  outline  but  in  some 


TEXT-FIG.  3.  Staphylotheca  kilpatrickensis.  A,  Three  type  A spores  showing  the  range  in  ornamentation; 
B,  three  type  B spores  showing  the  range  in  shape  and  ornamentation ; C,  part  of  a group  of  immature 
spores  showing  both  types.  A and  B drawn  from  slide  F.S.C.  1388;  c drawn  from  slide  F.S.C.  1389; 

all  magnifications  X 500. 

spores  they  are  elongated  or  irregular.  Text-fig.  3a  shows  several  spores  isolated  from 
the  same  sporangium.  They  illustrate  the  range  of  variation  which  occurs.  The  rays  of 
the  trilete  mark  extend  for  slightly  over  half  the  radius  of  the  spore.  The  lips  are  not 
raised;  the  suture  has  simple  margins. 

Type  B spores  (Plate  35,  fig.  5)  are  much  smaller  than  those  of  type  A.  They  are 
rounded-triangular  to  sub-circular  in  equatorial  outline.  The  margin  is  irregular.  They 
vary  from  42  to  57  ix,  mean  45  [x.  The  spore  coat  is  very  thick.  The  ornamentation  is  rather 
irregular,  consisting  of  a number  of  narrow,  elongated  depressions  separated  by  more 
or  less  convolute  ridges.  The  trilete  mark  is  very  narrow  and  in  some  spores  is  barely 
distinguishable.  The  rays  extend  for  over  three-quarters  of  the  radius.  Text-fig.  3b  shows 
the  variation  in  this  type  within  a single  sporangium.  All  the  spores  in  text-fig.  3a  and  b 
came  from  one  sporangium. 
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Very  few  well-preserved  immature  spores  have  been  found.  Sinee  they  are  only  par- 
tially cutinized  they  are  damaged  or  destroyed  by  maceration.  They  were  obtained  by 
dissolving  a small  fragment  of  rock,  containing  sporangia,  in  dilute  hydrochloric  acid 
followed  by  concentrated  hydrofluoric  acid.  Most  are  25  to  35  /a  in  diameter.  Even  at 
this  stage  it  is  possible  to  distinguish  two  types,  thin-walled  and  thick-walled,  which 
would  presumably  develop  into  types  A and  B respectively  (text-fig.  3c).  The  walls  of 
the  young  spores  of  type  A are  featureless  and  the  spore  is  often  folded ; the  walls  of  the 
young  type  B spores,  on  the  other  hand,  show  the  beginnings  of  the  ornamentation  by 
the  irregular  development  of  thickening,  particularly  on  the  contact  faces.  They  are 
usually  pale  yellow-brown  in  colour  while  the  immature  type  A spores  are  colourless  or 
pale  yellow. 

Discussion.  There  can  be  little  doubt,  from  their  heavily  cutinized  walls,  that  type  B 
spores  are  abortive.  That  both  types  of  spore  occur  in  the  same  sporangia  and  that  both 
are  recognizable  at  a very  early  stage  in  their  development  supports  this  conclusion. 

As  sporae  dispersae  type  B spores  would  probably  have  been  placed  in  the  genus 
Convolutispora  H.,  S.  & M.  Type  A spores  do  not  appear  to  resemble  any  previously 
described  spore  type.  Certainly  the  two  types  would  have  been  widely  separated  in  any 
classification.  Both  would  probably  have  been  regarded  as  fern  spores.  It  is  possible 
that  type  A would  have  been  split  into  two  or  more  species. 

In  its  dichotomizing  rachis  bearing  bunches  of  linear  appendages  the  fructification 
of  S.  kilpatrickensis  bears  a superficial  resemblance  to  Alcicornopteris  hallei  Walton 
(Walton  1949).  They  differ  in  the  shape  of  the  rachis  and  in  the  nature  of  the  bunches  of 
appendages,  which  in  A.  hallei  are  sporangia.  The  spores  of  the  two  species  differ 
markedly.  The  bunches  of  appendages  of  S.  kilpatrickensis  are  also  similar  to  species  of 
Calathiops  Goppert  and  Scheutzia  Geinitz.  The  distinctive  rachis  and  the  presence  of 
sporangia  exclude  it  from  the  former  genus,  which  was  emended  by  Benson  (1935)  to 
include  only  ovulate  cupules  borne  on  simple  rachides.  The  genus  Scheutzia  is  ill  de- 
fined and  may  possibly  include  both  ovulate  cupules  and  microsporangia. 

As  regards  the  affinities  of  Staphylotheca  nothing  definite  can  be  decided  owing  to  an 
incomplete  knowledge  of  the  reproductive  organs  and  of  the  vegetative  parts.  Fructifica- 
tions of  this  type  are  usually  considered  to  be  the  pollen-bearing  organs  of  pterido- 
sperms  but  in  many  cases  there  is  no  direct  evidence  in  support  of  this  view  and  some 
of  them  may  have  belonged  to  plants  superficially  similar  to  the  pteridosperms  but 
with  a pteridophytic  method  of  reproduction.  In  S.  kilpatrickensis  the  only  positive 
evidence  suggestive  of  a pteridospermous  affinity  is  the  nature  of  the  pitting  of  the 
tracheids  in  the  rachis. 

Genus  calathiops  Goppert  1865  emend.  Benson  1935 
Calathiops  trisperma  sp.  nov. 

Plate  34,  fig.  7;  plate  35,  fig.  6 

Holotvpe.  Pb  3326  in  the  Hunterian  Museum  Palaeobotanical  Collection,  and  the  slides  prepared  from 
it,  F.S.C.  1374-6  in  the  Figured  Slide  Collection. 

Horizon  and  locality.  As  for  Protopitys  scotica. 

Diagnosis.  Ovulate  cupules  borne  singly  at  the  tips  of  naked,  dichotomizing  stalks. 
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Dichotomy  irregular.  Cupules  up  to  5 mm.  long,  consisting  of  five  to  nine  linear  lobes. 
Each  cupule  containing  usually  three  ovules.  Ovules  elongated,  about  2-5  mm.  long. 

Description.  The  fructification  consists  of  small  ovulate  cupules  which  are  borne  on 
naked  dichotomizing  stalks.  The  stalk  forks  fairly  regularly  and  the  cupules  are  borne 
singly  at  the  tips  (Plate  34,  fig.  7).  The  number  of  cupule  lobes  is  not  constant  but  varies 
in  the  two  specimens  found  from  five  to  nine.  The  lobes  are  represented  merely  by  a 
structureless  film  of  coal.  They  are  4 to  5 mm.  long  and  about  0-5  mm.  broad  at  the 
base.  Transfers  were  prepared  from  the  two  counterparts  of  one  cupule  and  both  were 
macerated  on  a slide,  under  a coverslip.  No  structure  was  revealed  in  the  cupular  lobes 
but  two  halves  of  megaspore  membrane  were  isolated  from  one  counterpart,  and  one 
from  the  other.  The  maceration  was  stopped  when  traces  of  cell  outline  appeared  on 
the  surface  of  the  megaspore  membranes. 

The  half  membranes  vary  from  1-2  to  1-5  mm.  in  length  and  are  0-7  mm.  broad  near 
the  break.  Since  all  three  membranes  were  orientated  in  the  same  direction  it  is  assumed 
that  they  belonged  to  three  different  ovules.  The  complete  membrane  must  have  been 
about  2-5  mm.  long.  The  best-preserved  half  (Plate  35,  fig.  6)  has  three  prominent 
longitudinal  folds.  These  may  indicate  that  the  ovule  was  three-ridged  or  they  may  be 
an  effect  of  compression.  On  the  surface  of  the  membrane  there  are  traces  of  several 
layers  of  small  elongated  cells  which  must  be  the  remains  of  the  nucellus  and  integument. 
A few  narrow,  scalariform  tracheids  are  also  present,  presumably  in  the  integument. 
The  membrane  is  very  thick  at  its  apex,  25  p in  one  case.  At  the  thinnest  part,  near 
the  break,  it  is  only  5 to  6 /u,  thick.  Although  it  has  not  been  sectioned  it  seems  to  be 
similar  in  fine  structure  to  that  of  Geminitheca  scotica  (Smith  1959),  in  having  a homo- 
geneous inner  and  an  outer  granular  layer. 

There  is  no  indication  as  to  whether  the  integument  was  fused  to  or  free  from  the 
nucellus.  Maceration  of  other  cupules  failed  to  yield  more  megaspore  membranes  or 
additional  structural  details. 

Discussion.  The  genus  Calathiops  was  instituted  by  Goppert  (1865)  for  fructifications  of 
Lower  Carboniferous  age  from  Silesia.  The  fructifications  included  in  the  genus  were 
described  as  consisting  of  small  bunches  of  scale-like  appendages  borne  on  the  ends  of 
naked,  dichotomizing  stalks.  Goppert  did  not  demonstrate  whether  they  were  ovulate 
cupules  or  microsporangia.  Benson  (1935)  emended  the  genus  to  include  only  ovulate 
fructifications  and  her  view  is  followed  here. 

C.  trisperma  is  certainly  the  ovulate  organ  of  a pteridosperm  but  its  affinities  are  not 
clear.  It  probably  represents  some  hitherto  unknown  group  within  the  pteridosperms 
and  provides  some  evidence  in  favour  of  the  theory  that  the  seed  habit  has  evolved 
separately  in  a number  of  perhaps  unrelated  plants.  It  does  not  resemble  any  of  the 
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Figs.  1-3.  P.  scotica.  1,  Spore  without  ‘perine’,  X 500  (F.S.C.  1371).  2,  Complete  spore,  X 500  (F.S.C. 

1372).  3,  Detached  ‘perine’  showing  trilete  mark,  x 500  (F.S.C.  1371). 

Figs.  4,  5.  S.  kilpatrickensis.  4,  Fertile  spore,  x500  (F.S.C.  1377).  5,  Abortive  spore,  X 500  (F.S.C. 
1377). 

Fig.  6.  C.  trisperma.  Upper  half  of  megaspore  membrane,  X40  (F.S.C.  1374). 
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Structurally  preserved  species  described  so  far.  Of  the  species  described  from  compres- 
sions it  resembles  most  closely  Calathiops  bernhardti  Benson  (Benson  1935).  This  species 
differs  from  C.  trisperma  in  that  it  is  larger  and  contains  many  more  ovules  which  are 
approximately  the  same  length  as,  but  are  broader  than,  those  of  C.  trisperma.  In  both 
species  the  cupular  lobes  are  more  or  less  linear. 
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THE  HISTOLOGY  OF  THE  BONE  OF  A 
PROSAUROPOD  DINOSAUR 

by  J,  D.  CURREY 


Abstract.  The  histology  of  the  long  bone  of  a prosauropod  dinosaur  is  described.  The  bone  is  in  very  good 
condition  and  is  still  birefringent  like  recent  bone.  The  bone  has  a laminar  histological  pattern,  quite  unlike  that 
of  recent  reptiles,  but  very  like  that  of  recent  artiodactyls.  The  vascularization  of  the  dinosaur  bone  is  compared 
quantitatively  with  that  of  recent  mammals  and  reptiles.  The  amount  of  vascularization  is  much  greater  than  in 
recent  reptiles,  and  is  of  the  same  order  as,  but  rather  more  than,  in  recent  mammals.  It  is  argued  that  this 
may  indicate  physiological  specialization  in  the  dinosaurs. 

The  histology  of  the  bone  of  dinosaurs  is  of  great  interest  because  in  a great  many 
cases  it  shows  convergence  with  that  of  the  bone  of  recent  mammals.  This  has  been 
pointed  out  by  Enlow  and  Brown  (1957,  p.  203)  among  others.  They  write:  ‘This  dino- 
saur bone  is  composed  of  typical  plexiform  tissue,  found  characteristically  in  several 
mammalian  groups,  especially  the  artiodactyls.  Rather  than  the  predominant  longi- 
tudinal direction  of  vascularization,  the  primary  canals  form  a uniform,  three-dimen- 
sional network.’  It  would  appear,  however,  judging  from  their  photographs,  that  this 
bone  does  not  have  a uniform  three-dimensional  network,  but  rather  a series  of  two- 
dimensional  networks,  as  described  by  Currey  (1960).  The  purpose  of  this  paper  is  to 
describe  briefly  the  histology  of  the  bone  of  a prosauropod  dinosaur,  which  bone  in  one 
view  at  least  looks  very  like  the  bone  about  which  Enlow  and  Brown  made  the  statement 
quoted  above,  and  to  compare  the  bone  with  the  bone  of  some  present-day  reptiles 
and  mammals,  particularly  the  ox  and  the  pig. 

MATERIALS  AND  METHODS 

Through  the  kindness  of  Dr.  John  Attridge,  of  Birkbeck  College,  I was  able  to  obtain 
some  pieces  of  bone  from  two  species  (so  far  unnamed)  of  prosauropod  dinosaur.  The 
site  from  which  they  were  collected  was  Southcote  Farm,  Nyamandhlovu  District, 
about  20  miles  north-west  of  Bulawayo,  Southern  Rhodesia.  The  bones  are  from  the 
Forest  Sandstone  Formation,  which  is  the  equivalent  of  the  upper  portion  of  the  South 
African  Red  Beds.  Their  age,  therefore,  is  Middle  Upper  Trias. 

The  bone  was  ground  down  to  thin  sections  and  examined  unstained.  The  fossil 
bone  was  in  good  condition,  and  many  histological  features  could  be  made  out  as 
clearly  as  in  unstained  undecalcified  recent  bone.  Unless  otherwise  stated,  the  bone 
referred  to  in  this  paper  was  the  cortical  compact  bone  of  the  vertebral  centrum. 

HISTOLOGY  OF  THE  BONE 

It  is  well  known  that  the  histology  of  different  bones  in  the  same  animal,  and  of 
different  parts  of  the  same  bone,  differs  greatly.  For  instance,  the  rib  of  the  ox  {Bos 
taurus)  is  composed  mainly  of  Haversian  bone,  whereas  the  femur  of  the  same  animal 
is  composed  mainly  of  laminar  bone,  except  under  muscle  insertions,  where  again  the 
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bone  is  Haversian.  Therefore,  all  the  descriptions  given  here  should  not  be  thought 
necessarily  to  refer  to  all  the  bone  in  the  animal,  since  in  the  main  they  refer  to  bone 
taken  from  one  site  only.  Nevertheless,  points  of  interest  do  emerge. 

Examination  of  transverse  (Plate  36,  fig.  1),  radial  (Plate  36,  fig.  2),  and  tangential 
sections  (Plate  36,  fig.  3),  taken  from  sites  adjacent  to  each  other,  shows  that,  in  broad 
terms  anyhow,  the  bone  is  laminar,  as  described  by  Currey  (1960).  That  is  to  say,  it 


TEXT-FIG.  1.  Camera-lucida  drawing  of  a tangential  section  from  the  centrum  of  the  vertebra  of  the 
dinosaur.  Bony  tissue  is  stippled.  There  is  a two-dimensional  network  of  blood-channels. 

consists  of  a series  of  two-dimensional  networks  of  vascular  channels,  sandwiched 
between  thin  layers  of  bone  without  blood-vessels.  The  blood-vessels  when  seen  in 
tangential  view  show  the  network  appearance  typical  of  artiodactyls  (Plate  36,  fig.  3; 
text-fig.  1).  It  must  be  emphasized  that  these  networks  do  not,  in  this  part  of  the  bone, 
extend  in  three  dimensions.  There  is  a tendency,  more  marked  than  in  the  ox  or  the  pig 
(Sus  scrofa),  for  the  elements  of  the  network  to  be  elongated  in  one  direction.  In  this 
case  they  are  elongated  in  the  direction  parallel  to  the  long  axis  of  the  vertebral  cen- 
trum. There  is  no  trace  in  these  sections  of  remodelling  of  the  bone. 

The  laminar  bone  of  cattle  usually  has  a very  characteristic  appearance.  Each  blood 
network  is  flanked  by  sheets  of  lamellar  bone.  Midway  between  successive  blood  net- 
works, and  flanked  by  the  sheets  of  lamellar  bone,  is  a sheet  of  woven  bone.  In  the 
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middle  of  each  sheet  of  woven  bone  is  the  ‘bright  line’,  whose  exact  nature  is  obscure, 
through  which  very  few  canaliculi  pass.  The  laminar  bone  of  these  sections  from  the 
dinosaur  vertebra  does  not  show  these  clear  distinctions  between  the  various  parts. 
There  is  no  bright  line.  The  osteocytes  throughout  the  bone  are  more  uniform  in  shape. 
In  the  highly  developed  laminar  bone  of  artiodactyls  the  osteocytes  in  the  woven  bone 
are  globular,  while  those  in  the  lamellar  bone  are  very  flattened  in  the  radial  direction. 
In  this  dinosaur  bone,  however,  the  osteocyte  lacunae  seem  to  show  a condition  inter- 
mediate between  that  seen  in  lamellar  bone  and  that  seen  in  woven  bone.  There  are, 
however,  some  very  flattened  lacunae.  These  do  not  seem  particularly  to  occur  near  the 
blood  networks,  as  they  do  in  mammalian  bone. 

Woven  bone  seems  not  to  be  birefringent,  whereas  the  lamellae  found  in  laminar 
bone  are  alternately  birefringent  and  non-birefringent.  When  seen  by  a polarizing 
microscope,  therefore,  laminar  bone  has  a very  striking  appearance.  When  the  laminae 
are  arranged  along  the  length  of  the  axis  of  one  of  the  polaroids,  the  bone  is  dark,  and 
then,  as  the  specimen  is  rotated,  the  lamellar  part  of  the  bone  becomes  bright,  as  does 
the  bright  line,  while  the  woven  bone  remains  dark  whatever  the  orientation  of  the 
specimen.  The  transverse  and  radial  sections  of  the  dinosaur  vertebra  do  not  give  this 
appearance.  Instead  it  seems  that  the  bone  is  birefringent  throughout,  unlike  cattle  bone, 
in  which  there  are  marked  non-birefringent  areas  (Plate  36,  figs.  4,  5).  There  is  not  the 
clear  distinction  between  woven  and  lamellar  bone.  Furthermore,  the  birefringent  bone 
of  the  dinosaur  seems  not  to  be  clearly  lamellated.  There  are,  at  the  most  favourable 
orientations,  lighter  and  darker  parts,  but  there  are  no  clear  lamellae.  This  is  probably 
not  due  to  the  conditions  of  fossilization,  because  in  the  long  bone  of  a prosauropod 
of  a diflhrent  species  collected  at  the  same  site  in  Rhodesia,  which  I have  also  examined, 
there  are  Haversian  systems  that  clearly  show  the  lamellar  structure  characteristic  of 
Haversian  systems  of  recent  forms;  yet  adjacent  to  these  systems  are  parts  of  the  bone 
that  show  the  generalized  birefringence  shown  in  the  bone  of  the  vertebra  (Plate  36, 
fig.  6). 


EXPLANATION  OF  PLATE  36 

Fig.  I.  Transverse  section  of  the  vertebral  centrum  of  the  dinosaur.  Unstained,  direct  light. 

Fig.  2.  Radial  section  of  the  same  bone. 

Fig.  3.  Tangential  section  of  the  same  bone. 

Fig.  4.  Transverse  section  of  the  vertebral  centrum  of  the  dinosaur,  seen  by  polarized  light. 

Fig.  5.  Transverse  section  of  the  femur  of  an  ox,  seen  by  polarized  light.  ‘L‘:  lamellar  bone.  ‘BC‘: 
blood-channel.  ‘BL’ : bright  line.  ‘ W’ : woven  bone.  There  is  a large  Haversian  system  just  below 
the  middle  of  the  picture. 

Fig.  6.  Transverse  section  of  the  unidentified  long  bone  of  a prosauropod  dinosaur,  seen  by  polarized 
light.  Two  Haversian  systems  are  visible,  one  in  the  middle  and  one  in  the  bottom  left-hand  corner. 
A bright  band  of  lamellar  bone  enclosing  blood-channels  is  visible  at  the  top  of  the  picture. 
‘L’:  lamellar  bone.  ‘BC’:  blood-channel. 

Fig.  7.  Transverse  section  of  the  unidentified  long  bone  of  a prosauropod  dinosaur,  seen  by  polarized 
light.  There  is  a bright  band  of  lamellar  bone,  not  containing  any  blood-channels,  running  across 
the  middle  of  the  picture.  Above  this  are  sheets  of  lamellar  bone  enclosing  blood-channels.  At  the 
bottom  of  the  picture  are  more  sheets  of  lamellar  bone,  but  the  blood-channels  they  enclose  are  off 
the  bottom  of  the  picture.  ‘L’:  lamellar  bone.  ‘W’:  woven  bone.  ‘BC’:  blood-channel. 
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The  histology  of  this  unidentified  long  bone,  of  another  prosauropod  dinosaur  not 
of  the  same  species,  presents  a different  picture  (Plate  36,  fig.  6).  The  bone  is  arranged 
in  laminae,  but  they  are  thicker,  there  being  about  140  /x  between  successive  blood- 
vessel nets,  as  opposed  to  80  /x  in  the  vertebra.  A certain  amount  of  reconstruction  has 
gone  on,  so  that  there  are  Haversian  systems  scattered  through  the  bone.  These,  as 
mentioned  above,  show  very  clearly  the  lamellar  arrangement  of  typical  Haversian 
systems.  The  laminae  are  less  regular  in  their  thickness  and  in  their  arrangement  than  in 
the  vertebra.  Whereas  in  the  vertebral  bone  there  seem  to  be  no  extensive  sheets  of 
woven  bone,  in  this  long  bone  sheets  of  it  do  occur.  Woven  bone  is  recognized  by  its 
non-birefringence,  and  the  very  globular  appearance  of  the  osteocyte  lacunae.  The 
woven  bone  usually  occurs  in  the  place  characteristic  of  laminar  bone:  between  succes- 
sive blood  networks,  and  separated  from  them  by  lamellar  bone.  Sometimes  the  thick- 
ness of  birefringent  bone  is  so  slight  as  to  give  the  appearance  that  the  blood-channel 
network  is  bordered  on  one  side  by  woven  bone,  though  close  inspection  shows  that 
this  is  not  so.  In  places  there  is  an  indication  of  a bright  line.  The  similarity  to  cattle 
bone  is  striking  (Plate  36,  figs,  5,  6).  In  many  places  there  is  a layer  of  birefringent  bone 
sandwiched  between  two  successive  layers  of  woven  bone,  but  not  containing  a blood 
network  (Plate  36,  fig.  7).  This,  as  has  been  explained  by  Smith  (1960),  is  probably 
owing  to  lamellar  bone  being  laid  down  on  the  outside  of  the  bone  by  the  periosteum, 
instead  of  inside  the  primary  cavities  of  woven  bone.  This  phenomenon  is  seen  occasion- 
ally in  mammals,  where  it  was  reported  by  Smith. 

In  general  the  arrangement  of  the  laminar  bone  in  the  long  bone  is  much  more  uneven 
than  that  of  the  laminar  bone  of  the  vertebra,  the  blood-channel  networks  (they  are 
most  probably  networks,  though  no  tangential  section  has  been  made)  are  farther 
apart,  and  some  secondary  reconstruction  has  occurred. 

THE  VASCULARIZATION  OF  THE  BONE 

It  is  apparent  from  the  description  above  that  the  bone  of  these  dinosaurs  is  in  many 
respects  very  similar  to  that  of  some  recent  mammals.  As  such,  it  is  an  interesting  case 
of  histological  convergence.  We  can  reasonably  assert  that  it  is  a case  of  convergence, 
because  there  is  good  evidence  (Enlow  and  Brown  1957)  that  the  pelycosaurs,  which 
may  be  taken  as  near-basal  reptiles,  had  a relatively  simple  bone  structure,  without  any 
complex  system  of  two-dimensional  vascular  networks.  It  is  therefore  of  interest  to  see 
to  what  extent  the  blood-supply  of  the  dinosaur  was  similar  to  that  of  the  artiodactyls  in 
various  respects. 

Currey  (1960)  used  the  following  parameters  to  give  an  idea  of  the  efficiency  of  the 
blood-supply  to  the  osteocytes  in  bone:  distance  of  points  taken  at  random  from  the 
nearest  blood-vessel ; area  of  blood-channel  surface  in  unit  volume  of  bone ; volume  of 
blood-channel  in  unit  volume  of  bone;  the  distance  between  successive  anastomoses  in 
the  blood-channel  system.  These  parameters  were  used  to  express  differences  between 
Haversian  and  laminar  bone  from  the  same  bone,  namely  the  femur  of  the  ox.  However, 
since  there  may  be  differences  between  different  bones  in  the  same  animal,  the  com- 
parison is  made  here  between  the  laminar  bone  found  in  the  femur  of  a pig,  the  femur 
of  an  ox,  the  lumbar  vertebra  of  an  ox,  and  the  vertebra  of  the  dinosaur.  Unfortunately, 
no  tangential  sections  of  the  long  bone  of  the  dinosaur  could  be  made  so  it  was  not 
possible  to  give  an  estimate  of  its  vascularization,  but  it  was  almost  certainly  less  than 
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that  of  the  vertebra.  The  lumbar  vertebra  of  an  ox  was  chosen  because  it  had  a centrum 
that  was  of  about  the  same  size  as  the  centrum  of  the  dinosaur.  The  femur  of  the  pig 
was  chosen  because  it  had  the  laminae  close  together,  as  had  the  dinosaur.  The  method 
by  which  information  about  the  vascularity  of  the  bone  was  obtained  was  the  same  as 
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TEXT-FIG.  2.  Frequency  histograms  showing  the  distribution  of  distances  separating  points,  taken  at 
random,  from  the  nearest  blood-channel  in  various  bones.  Abscissa:  distance  from  the  nearest  blood- 
channel.  A,  Ox  femur,  b.  Ox  vertebra,  c.  Pig  femur,  d.  Dinosaur  vertebra. 

described  previously  (Currey  1960),  except  for  certain  minor  changes,  for  instance,  fifty 
rather  than  forty  measurements  were  made  of  the  breadth  of  the  blood-channel  in 
tangential  view.  For  the  femur  of  the  pig  and  the  vertebra  of  the  ox,  only  fifty  rather 
than  a hundred  measurements  were  made  of  the  thickness  of  the  channels  in  the  radial 
plane,  as  this  value  was  found  to  vary  but  little. 

Text-fig.  2a,  b,  c,  and  d shows  the  intimacy  of  the  vascular  supply  as  measured  by  the 
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distance  that  200  points,  taken  at  random,  are  from  the  nearest  blood-vessel.  This  can 
also  be  tabulated  thus : 

Distance  from  the  nearest  blood-channel  that 


50  per  cent. 

90  percent. 

1 00  per  ct 

Ox  femur  . 

70 /X 

100  /a 

130  /X 

Ox  vertebra 

60  jJL 

90 /X 

120 /X 

Pig  femur 

50  fi 

70  /X 

90  |x 

Dinosaur  vertebra 

30  jj. 

50  jtx 

70 /X 

It  can  be  seen  from  the  figure  and  the  table  that  the  dinosaur  bone  has  a much  more 
intimate  blood-supply  than  the  ox  bone,  and  a more  intimate  supply  than  the  pig’s 
femur.  This  is  mainly  because  the  laminae  in  the  dinosaur’s  bone  are  closer  together 
than  are  those  of  the  ox.  This  is  shown  by  the  following: 


Mean  distance  between  laminae : 


Ox  femur 

190  ;U 

Ox  vertebra  . 

150  ^x 

Pig  femur 

100 /X 

Dinosaur  vertebra  . 

SO  iJ. 

The  greater  vascularity  of  the  dinosaur’s  vertebra  is  shown  again  in  the  figures  for  the 
volume  of  blood-channel  in  the  bone,  and  the  total  area  of  channel  wall  per  cubic 
centimetre  of  bone. 

Volume  of  channel  Area  of  channel  wall  per  c.c. 


Per  cent. 

sq.  cm 

Ox  femur 

1-40 

32-9 

Ox  vertebra  . 

1-86 

47-3 

Pig  femur 

2-13 

56-7 

Dinosaur  vertebra  . 

8-65 

155-2 

The  striking  difference  between  the  dinosaur  and  the  other  bones  in  these  respects  is 
due  in  part  to  the  greater  number  of  laminae  per  unit  volume,  but  mainly  to  the  much 
greater  number  of  channels  per  unit  volume.  The  dinosaur  has  about  19,000  cm.  of 
channel  per  c.c.,  the  ox  femur  has  about  4,200  cm.,  the  ox  vertebra  has  about  9,600  cm., 
and  the  pig’s  femur  has  about  10,500  cm. 

Text-fig.  3 shows  the  distance  between  successive  anastomoses  in  the  blood  networks 
of  the  laminar  bone  in  the  femur  of  the  ox,  the  vertebra  of  the  ox,  the  femur  of  the  pig, 
and  the  vertebra  of  the  dinosaur,  and  also  the  distance  between  successive  anastomoses 
in  the  Haversian  bone  of  the  femur  of  the  ox.  It  can  be  seen  that  the  distribution  of 
anastomosis  length  is  similar  in  all  the  laminar  bone  samples.  This  is  despite  the  fact 
that  there  is  so  much  more  blood-channel  volume  in  the  dinosaur  bone  than  in  the  other 
bones.  The  reason  for  this  is  that,  as  mentioned  above,  there  is  a tendency  for  the  units 
of  the  network  to  be  stretched  out  in  the  direction  of  the  long  axis  of  the  centrum. 


THE  BLOOD-SUPPLY  IN  THE  BONE  OF  OTHER  REPTILES 
These  measurements  and  observations  show  that  the  bone  of  the  dinosaur  was 
similar  to  that  of  a modern  artiodactyl  in  structure,  but  that  it  was  more  vascular. 
Before  the  significance  of  this  can  be  considered,  it  is  necessary  to  know  whether  these 
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TEXT-FIG.  3.  Histogram  showing  inter-anastomosis  length  of  channels  in  various  bones.  Abscissa: 
inter-anastomosis  distance,  a,  Haversian  bone  of  the  femur  of  the  ox.  b,  Laminar  bone  of  the  femur  of 
the  ox.  c,  Laminar  bone  of  the  vertebra  of  the  ox.  d,  Laminar  bone  of  the  femur  of  the  pig.  e,  Laminar 

bone  of  the  vertebra  of  the  dinosaur. 
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two  characters  are  shared  by  other  reptiles.  An  examination  of  the  plates  given  by  Enlow 
and  Brown  (1957)  shows  no  laminar  bone  outside  the  mammals  and  dinosaurs,  except  in 
Kannemeyeha,  an  herbivorous  dicynodont,  an  advanced  mammal-like  reptile  but  not 
on  the  line  of  evolution  that  gave  rise  to  the  mammals.  Although  Enlow  and  Brown 
have  not  studied  every  bone  of  every  species  of  reptile,  they  have  taken  representatives 
of  most  groups,  and  it  is  quite  clear  that  laminar  bone  is  not  common  in  reptiles. 

It  is  more  difficult  to  determine  the  amount  of  vascularization  in  reptile  bone.  Among 
the  largest  of  the  modern  reptiles  are  the  crocodiles.  I have  examined  the  neural  arch 
of  the  axis  vertebra  and  part  of  the  nasal  bone  of  a crocodile  (Crocodiliis  sp.).  In  both 
bones  there  were  parts  that  have  blood-vessels,  and  other  considerable  parts  without 
blood-vessels.  The  axis  had  a plate  of  bone  about  0-6  mm.  across,  whose  other  dimen- 
sions were  many  millimetres,  that  was  completely  avascular.  The  nasal  bone  had  a 
portion  2 X 3 X about  6 mm.  without  blood-vessels.  The  bones  of  the  smaller  Squamata 
are  frequently  completely  avascular:  the  femur  of  a green  lizard  (Lacerta  viridis)  had  a 
wall  thickness  of  about  04  mm.  in  the  middle  of  the  shaft,  and  the  bone  here  was 
completely  avascular.  Enlow  and  Brown  (1957)  report  that  even  large  lizards  and  snakes 
have  bone  that  is  almost  entirely  avascular.  Similarly,  the  Chelonia  do  not  usually  have 
many  blood-vessels  in  the  bone. 

It  seems  to  be  the  case,  then,  that  unlike  the  dinosaur  bone,  recent  reptile  bone  is 
not  remarkable  for  its  great  vascularity,  in  fact  rather  the  reverse.  The  amount  of  blood- 
channel  per  unit  volume  in  the  dinosaur’s  bone  is  certainly  exceptional  for  a reptile, 
except  other  dinosaurs,  and  is  higher  than  that  of  recent  mammals  of  comparable  size. 

DISCUSSION 

Since  so  little  is  known  concerning  the  reasons  why  bones  differ  so  much  at  the 
histological  level,  it  would  be  rash  to  speculate  very  much  about  the  bone  of  the  dino- 
saurs. However,  it  seems  reasonable  to  assume  that  if  a tissue  has  a similar  form  in  two 
unrelated  groups  of  animals,  and  does  not  have  this  form  in  other  intermediate  groups, 
then  the  tissue  is  responding  to  something  that  is  present  in  these  two  groups  and  is 
absent  elsewhere.  Laminar  bone  is  found  in  at  least  some  members  of  the  Mammalia, 
the  dicynodonts  and  the  dinosaurs.  Similarly,  bone  that  is  little  but  a mass  of  Haversian 
systems  is  found  in  mammals,  in  a few  birds,  and  in  at  least  one  dicynodont  (Dinodonto- 
saurus)  (Enlow  and  Brown  1957,  p.  206),  and  in  dinosaurs.  Dense  Haversian  bone  is 
rarely  found  in  small  mammals.  Laminar  bone  seems,  in  those  major  groups  that  show 
it  at  all,  to  be  associated  with  an  herbivorous  way  of  life;  thus  the  artiodactyls,  the 
dicynodonts,  and  the  prosauropod  dinosaurs  are  all  herbivores. 

What  particular  character  it  was,  shared  by  these  groups,  that  caused  the  production 
of  the  similar  kinds  of  bone  pattern  it  is  impossible  to  say.  It  is  tempting  to  suppose  that 
this  highly  organized  bone  reflects  a correspondingly  specialized  metabolic  organization, 
in  particular  the  possession  of  homoiothermy.  Certainly  the  dinosaurs  were  in  many 
ways  very  advanced  reptiles,  and  dicynodonts,  though  off  the  main  line  of  evolution  to 
the  mammals,  were  also  advanced.  The  skeletal  characters  proposed  by  Brink  (1956)  as 
indicating  that  some  cynodonts  (a  group  of  mammal-like  reptiles  much  more  closely 
related  than  the  dicynodonts  to  the  ancestors  of  mammals)  were  warm-blooded  cannot 
be  used  the  other  way  round.  For  instance.  Brink  says  that  a clear  distinction  between 
the  thoracic  and  the  lumbar  regions  is  evidence  for  diaphragmatic  breathing,  and  hence 
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for  a high  metabolic  rate.  This  may  well  be  so  but  rhinoceroses,  for  example,  do  not  have 
this  clear  distinction,  yet  are  warm-blooded.  It  is  impossible  at  the  moment  to  state 
from  an  examination  of  the  skeleton  or  of  the  histological  structure  of  the  bone  whether 
the  dinosaurs  were  homoiothermic  or  not. 

Until  more  evidence  becomes  available  it  must  be  sufficient  to  say  that  the  dinosaur 
whose  vertebra  was  examined  had  extremely  well-vascularized  bone,  and  that  the  bone 
was  such  as  is  found  rarely  elsewhere  in  vertebrates.  It  usually  occurs  in  large,  advanced 
herbivorous  types,  not  among  primitive  reptiles,  and  not  among  small  or  carnivorous 
mammals.  It  is  possible  that  this  indicates  some  degree  of  physiological  specialization 
in  the  dinosaurs  greater  than  that  seen  in  living  reptiles. 

My  thanks  are  due  to  Dr.  J.  Attridge  for  giving  me  the  dinosaur  bones  upon  which  this  paper  is 
based,  and  also  to  Mr.  H.  K.  Pusey  and  Dr.  D.  Nichols  for  their  help  and  criticism. 
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SECTIONS  OF  SOME  CARBONIFEROUS 
DISPERSED  SPORES 

by  N.  F.  HUGHES,  MARY  E.  DETTMANN,  and  G.  PLAYEORD 

Abstract.  Sections  of  microspores,  some  cingulate,  one  zonate  and  one  saccate,  are  discussed  and  illustrated. 
It  is  shown  that  sections  aid  the  elucidation  of  wall  structures;  thus  diagnoses  can  be  more  precisely  written 
and  this  may  eventually  remove  some  classificatory  difficulties.  A sectioning  technique  is  described. 

While  the  optical  examination  of  uncompressed  spores  and  pollen  can  in  general  lead 
to  a clear  morphological  interpretation  of  the  wall,  most  workers  have  experienced 
difficulty  with  strongly  compressed  spores  when  there  is  no  comparable  living  material. 
Carboniferous  microspores  with  equatorial  features  have  proved  most  difficult  to 
classify  because  of  morphological  misinterpretations  which  have  led  to  inadequate 
and  uncertain  descriptions.  The  general  nature  of  the  wall  thickening  in  some  species 
of  such  genera  as  Densosporites  and  Cirratriradites  has  been  known  for  many  years 
from  random  sections  observed  in  thin  sections  of  coal  (Thiessen  1920).  These  spore 
sections,  many  of  which  have  been  figured  by  Stach  ( 1957)  from  polished  coal  surfaces, 
could  seldom,  however,  be  assigned  to  a definite  species ; in  the  few  cases  where  specific 
identity  has  been  established  it  is  unfortunate  that  their  features  were  not  more  clearly 
incorporated  in  descriptions  of  spores  released  by  maceration. 

It  has  now  proved  possible  to  extend  the  sectioning  method  used  for  megaspores 
(Hughes  1955,  Dettmann  1961)  to  at  least  the  larger  microspores.  One  of  us  (M.  E.  D.) 
has  developed  an  improved  double  embedding  technique  described  below. 

Some  of  the  results  in  this  paper  were  shown  to  members  at  the  Krefeld  meeting  of 
the  ‘International  Commission  for  the  Microflora  of  the  Palaeozoic’  in  May  1961, 
during  discussion  of  the  classification  of  cingulate  and  zonate  spores.  They  are  therefore 
presented  here  in  systematic  order,  although  obviously  a wider  selection  of  material 
must  be  sectioned  before  general  conclusions  can  be  reached. 

The  preparations  concerned  were  all  treated  with  concentrated  nitric  acid  and  potas- 
sium chlorate  (Schulze  method).  Preparations  M928  and  M949  were  treated  for  12 
hours,  but  were  only  washed  in  water  (no  alkali);  PI 64  and  P167A  were  treated  for  14 
hours,  followed  by  a single  wash  in  1 per  cent,  ‘ammonia’;  B1702  was  cleared  in  5 per 
cent.  KOH. 

Technique  (M.E.D.).  The  spores  which  have  been  sectioned  were  extracted  with  a fine 
camel-hair  brush,  from  glycerine  smears  of  the  residues  viewed  with  a binocular  micro- 
scope at  a magnification  of  100  diameters.  The  selected  spores  were  transferred  to  small 
porcelain  wells  (for  example,  those  used  for  mixing  water  colours)  containing  distilled 
water  and  were  subsequently  embedded  and  sectioned  following  the  techniques  of 
Wigglesworth  (1959).  An  outline  of  these  procedures,  in  which  the  spores  are  double- 
embedded  in  agar  (Japanese,  fine  powder)  and  ester  wax  (1960  formulation  of  British 
Drug  Houses  Ltd.)  before  sectioning,  is  given  below. 

The  individual  spores  are  placed  in  embedding  troughs  (as  shown  in  text-fig.  la)  con- 
taining 5 per  cent,  agar  solution  at  55-60°  C.  After  10-15  minutes  the  spore,  which  sinks 

[Palaeontology,  Vol.  5,  Part  2,  1962,  pp.  247-52,  pis.  37-38.] 
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only  a short  distance  below  the  surface  of  the  agar,  is  orientated  under  a binocular  so 
that  its  equatorial  plane  lies  perpendicular  to  the  surface  of  the  agar.  The  agar  is  allowed 
to  cool  at  room  temperature  and  the  block  is  removed  from  the  trough,  trimmed,  and 
passed  through  the  following  solutions  (standing  in  each  for  30  minutes):  ethyl  alcohol 
30,  50,  70  per  cent.;  70  per  cent,  alcohol  plus  cellosolve,  2:1;  the  same,  1:2;  pure  cello- 
solve  (three  changes) ; cellosolve  plus  ester  wax,  equal  parts ; pure  ester  wax  (two  changes). 
It  is  then  left  overnight  in  ester  wax  at  55-60°  C.  After  this  treatment  the  block  is  placed 
upside  down  in  an  embedding  trough  so  that  the  spore  rests  near,  and  with  its  equatorial 


ct 


TEXT-FIG.  1.  a,  brass  block  (7-9  mm.  square  in  cross-section)  bound  with  cellulose  tape  to  form 
embedding  trough;  b,  mounted  and  trimmed  agar  block  showing  position  and  orientation  of  spore; 
c,  portion  of  ribbon  containing  spore  sections  (Diagram — G.  Playford).  ct,  cellulose  tape;  br,  brass 

block;  m,  mount  of  microtome;  e,  ester;  ag,  agar;  sp,  spore;  pa,  polar  axis  of  spore;  bl,  blade. 

plane  perpendicular  to,  the  bottom  surface  of  the  trough.  The  trough  is  then  filled  with 
ester  wax  and  cooled  rapidly  by  standing  it  in  a stream  of  running  water. 

Prior  to  sectioning  the  agar-ester  block  is  mounted  and  trimmed  as  shown  in  text-fig. 
\b.  An  end-on  view  of  the  resultant  block  shows  narrow  strips  of  ester  wax  constituting 
the  two  sides  which  parallel  the  cutting  surface  of  the  blade;  thus  the  wax  partially 
sheathes  the  agar  in  which  the  spore  is  enclosed  in  its  correct  orientation.  By  following 
this  procedure  the  sections  do  not  readily  separate  from  one  another  and  form  a con- 
tinuous ribbon  as  shown  in  text  fig.  Ic.  The  sections  are  cut  at  1-3  p.  intervals  transverse 
to  the  equatorial  plane  of  the  spore,  using  a razor  blade  of  the  ‘Pal’  or  ‘Personna’  type, 
mounted  on  a Cambridge  rocking  (fine  section)  microtome.  The  sections  are  transferred 
to  glass  microscope  slides  smeared  with  adhesive  albumen,  floated  out  in  20  per  cent, 
alcohol,  and  dried  in  an  oven  at  40-45°  C.  They  are  subsequently  dewaxed  in  xylene, 
immersed  briefly  in  70, 50,  and  30  per  cent,  alcohol,  and  finally  mounted  in  glycerine  jelly. 

All  sections  are  cut  at  3-4  p.  intervals  transverse  to  the  equatorial  plane  and  mounted 
in  glycerine  jelly,  except  those  shown  in  Plate  37,  figs.  1 1 and  12,  which  are  mounted  in 
euparal.  The  preparations  M928  and  M949  were  made  from  sample  B685,  Citadellet; 
PI 64  and  P167A  were  from  samples  G1095  and  G1098  respectively,  Birger  Johnson- 
fjellet;  all  from  the  Lower  Carboniferous  of  Dicksonland,  Vestspitsbergen.  Derisosporites 
sphaerotrianguJaris  was  from  the  Westphalian  B of  the  Beefie  seam  at  275  feet,  Monkton 
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House  B.H.,  Lothians,  Scotland.  For  each  illustrated  specimen  the  preparation  and 
slide  number  is  given.  In  addition,  reference  co-ordinates  of  Leitz  Laborlux  Microscope 
no.  1,  and  registered  numbers  (prefixed  L or  M)  of  the  Sedgwick  Museum  are  stated. 

Acknowledgements.  We  are  grateful  to  Professor  V.  B.  Wigglesworth  for  technical  advice,  to  Mr.  G. 
Playford  for  a diagram  and  for  material  additional  to  that  already  described  (Hughes  and  Playford 
1961),  and  to  Miss  M.  A.  Butterworth  for  Westphalian  material.  One  of  us  (M.  E.  D.)  expresses  her 
appreciation  to  Newnham  College,  Cambridge,  for  the  award  of  a Bathurst  Studentship. 

Anteturma  sporites  Potonie  1893 
Turma  zonales  (Bennie  and  Kidston)  Potonie  1956 
Subturma  zonotriletes  Waltz  1935 
Infraturma  cingulati  Potonie  and  Klaus  1954 
Genus  knoxisporites  (Potonie  and  Kremp)  Neves  1961 

Knoxisporites  margarethae  Hughes  and  Playford  1961 
Plate  37,  figs.  1-5 

Discussion.  Sections  have  revealed  that  the  original  description  was  at  fault,  chiefly  in 
the  reconstruction  diagram  (1961,  text-fig.  2d).  The  spore  is  cingulate  and  the  narrow 
dark  ring  (Plate  37,  fig.  2)  is  a refractive  effect  at  the  spore  cavity  limit;  the  ‘prominent 
dark  ring’  mentioned  in  the  original  diagnosis  (1961,  plate  1,  fig.  1 1)  is  part  of  the  distal 
reticulum,  which  in  the  holotype  happens  to  be  symmetrical.  The  distal  reticulum  clearly 
consists  of  muri  mounted  on  the  distal  surface  and  not  raised  beyond  it  as  previously 
suggested.  The  distal  infragranulate  appearance  is  perhaps  caused  by  a slight  differentia- 
tion of  the  exine  seen  in  the  sections. 

Genus  anulatisporites  Loose  ex  Potonie  and  Kremp  1954 
Anulatisporites  labiatus  Hughes  and  Playford  1961 

Plate  37,  figs.  9-12 


Discussion.  We  feel  that  the  terminology  in  current  use  for  this  kind  of  spore  (Hughes 
and  Playford  1961,  and  many  others)  is  undesirable  and  misleading,  particularly  in 
reference  to  the  ‘spore  body’  {Zentraikdrper  of  Potonie  and  Kremp  1954).  The  diagnosis 
is  therefore  reworded  below  to  avoid  this. 

Restated  diagnosis.  Spore  radial,  trilete ; amb  circular  to  convexly  subtriangular ; margin 
entire.  Cingulum  width  approximately  half  the  spore  radius;  central  spore  cavity  sharply 
demarcated  in  polar  view.  In  section  cingulum  tapers  slightly ; equatorial  margin  rounded. 
Laesurae  straight,  from  half  to  two-thirds  spore  radius,  with  lips;  lips  6-10 ijl.  wide 
with  wrinkled  outer  margins.  Exine  of  proximal  and  distal  areas  together  appear  much 
thinner  than  the  cingulum  in  polar  view ; exine  surface  laevigate  to  finely  granular. 

Restated  dimensions  (32  specimens).  Overall  diameter  71-132  (mean  102  ju,),  cavity 
diameter  42-88  p.  (mean  61  p),  cingulum  width  12-30  p (mean  21  p).  Exine  thickness, 
proximal  and  distal,  6-8  p. 
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Remarks.  The  restated  diagnosis  should  be  compared  with  the  original.  The  concentric 
zoning  often  seen  on  the  cingulum  is  merely  due  to  corrosion,  although  the  pattern  of 
corrosion  may  well  be  significant  and  worth  recording.  The  sections  do  not  show  an 
intexine,  the  presence  of  which  Smith  (1960)  has  been  able  to  demonstrate  in  the  type 
species,  A.  amilatus. 

Genus  densosporites  (Berry)  Potonie  and  Kremp  1954 
Densosporites  sphaerotriangularis  Kosanke  1950 

Plate  37,  figs.  13-15 

Comment.  The  sections  show  that  the  exine  consists  of  a thick  exoexine,  which  envelops 
the  thin  intexine  and  also  forms  the  cingulum;  this  wall  structure  was  described  by 
Smith  (1960)  but  is  not  clearly  illustrated  in  his  text-fig.  1 . The  intexine  seems  to  account 
for  the  minor  folds  (Kosanke  1950,  p.  33)  at  the  margin  of  the  spore  cavity.  The  trans- 
lucency  of  the  outer  part  of  the  cingulum  is  due  to  the  abrupt  tapering  near  the  equatorial 
margin.  The  plicating  sheet  structure  of  the  cingulum  (Kosanke  1950,  Smith  1960)  is 
not  evident  in  our  sections.  It  is  noteworthy  that  Kosanke  does  not  use  the  misleading 
spore-body  terminology. 


EXPLANATION  OF  PLATE  37 

All  figures  from  unretouched  negatives;  magnification,  unless  otherwise  stated,  X 500. 

Figs.  1-5.  Kjioxispovites  margarethae  Flughes  and  Playford  1961.  1,  2,  Proximal  and  distal  surfaces  of 
holotype;  preparation  M928/5  56.8  126.7  (L.889).  3-5,  Sections  of  specimen  with  one-layered  exine 
showing  distal  muri  and  cingulum;  prep.  M949/S37/1-2.  3,  Polar  section  showing  longitudinal  and 
transverse  aspect  of  lips,  28.7  48.4  (L.1259e).  4,  5,  Off-polar  sections,  36.8  123.6  (L.1259  1)  and  32.9 
124.9  (L. 1259k),  showing  distal  muri  cut  both  transversely  and  obliquely. 

Figs.  6-8.  Cincturasporites  anritus  (Waltz)  Hacquebard  and  Barss  1957.  6,  7,  Proximal  and  distal  sur- 
faces respectively;  prep.  P167A/2  45.1  111.4  (L.1260).  8,  Section  showing  one-layered  exine,  thick- 
ened lips  and  non-tapering  cingulum;  prep.  P167A/S41b  42.5  110.9  (L.  1261c). 

Figs.  9-12.  Amdatisporiles  labiatus  Hughes  and  Playford  1961.  9,  10,  Proximal  and  distal  surfaces 
respectively;  prep.  M949/8  33.8  121.0  (L.1262).  11,  12,  Sections  showing  one-layered  exine  and 
wedge-shaped  cingulum.  11,  Cut  through  laesura;  prep.  M949/S32  34.2  122.2  (L.1263i).  12,  Prep. 
M949;  S30  40.8  114.2  fL.1246h). 

Figs.  13-15.  Densosporites  sphaerotriangularis  Kosanke  1950.  13,  Proximal  view;  prep.  B1702/3 
38.0  123.0  (M.  5330).  14,  15,  Section  showing  two-layered  exine;  outer  layer  (exoexine)  forms  wedge- 
shaped  cingulum;  prep.  B1702/S50a  24.9  122.7  (M.  5331e).  15,  x 1000. 

EXPLANATION  OF  PLATE  38 

All  figures  from  unretouched  negatives;  magnification,  unless  otherwise  stated,  X 500. 

Figs.  1-4.  Lophozonotriletes  triangidatiis  Hughes  and  Playford  1961.  1, 2,  Proximal  and  distal  surfaces 
respectively;  prep.  M949/9  34.1  120.8  (L.  1265).  3,  4,  Sections  of  specimen  showing  one-layered 
exine,  distal  sculptural  elements  and  cingulum;  prep.  M949/S35a.  3,  Cut  through  three  distal 
verrucae,  51.5  127.5  (L.1266f).  4,  Showing  two  distal  verrucae,  47.9  126.1  (L.1266e). 

Figs.  5-7.  Cirratriradites  elegans  (Waltz)  Potonie  and  Kremp  1956.  5,  Proximal  surface;  prep.  P164/25 

44.5  118.1  (L.1267).  6,  7,  Sections  showing  two-layered  exine;  exoexine  forms  ‘zona’  and  lips; 
prep.  P164/S40b/l-2.  6,  40.2  126.7  (L.1268e).  7,  X 1,000,  46.3  126.7  (L.1268f). 

Figs.  8-10.  Velosporites  echinatus  Hughes  and  Playford  1961.  8,  Holotype;  prep.  M928/1  58.6  118.7 
(L.934).  9,  10,  Section  of  compressed  specimen  showing  bladder  and  body  wall;  prep.  M949/S36b 

50.6  120.3  (L.1269m).  10,  X 1,000  showing  detail  of  spinose  sculpture  of  body. 
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HUGHES  and  DETTMANN,  Carboniferous  spores 
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Genus  cincturasporites  Hacquebard  and  Barss  1957 
Cincturasporites  aiiritus  (Waltz)  Hacquebard  and  Barss  1957 

Plate  37,  figs.  6-8 

Comment.  Playford  (1962)  has  noted  that  the  generic  character  of  ‘cingulum  overlap 
of  inner  spore  wall’  is  impersistent  even  round  one  specimen.  Sections  show  that  the 
cingulum  hardly  tapers  equatorially  at  all  and  that  the  thickening  does  in  places  ‘over- 
lap’ the  spore  cavity  margin.  The  exine  is  one-layered;  any  appearance  to  the  contrary 
in  Plate  37,  fig.  8,  is  due  to  the  slight  obliquity  of  the  section.  Exine  forms  distinct  but 
low  laesurate  lips;  the  laesura  length  should  always  be  given  with  reference  to  the  overall 
spore  dimension  as  seen  in  polar  view. 

Genus  lophozonotriletes  (Naumova)  Potonie  1958 
Lophozonotriletes  triangulatus  Hughes  and  Playford  1961 

Plate  38,  figs. 

Discussion.  Cingulum  far  less  pronounced  than  in  the  other  species  sectioned,  and  tapers 
little;  in  polar  view  the  tone  value  (i.e.  effective  thickness)  differs  little  over  the  whole 
spore. 

Infraturma  zonati  Potonie  and  Kremp  1954 
Genus  cirratriradites  Wilson  and  Coe  1940 
Cirratriradites  elegans  (Waltz)  Potonie  and  Kremp  1956 

Plate  38,  figs.  5-7 

Discussion.  The  equatorial  structure,  zona,  has  a distinct  and  regular  taper,  but  the 
distal  wall  is  also  surprisingly  thick.  This  thickness  may  account  for  the  indistinct 
appearance  of  the  intexine  in  polar  view;  it  is  even  less  clear  at  lower  focus  (not  shown). 
The  lips  of  the  laesura  appear  narrow  and  high  and  are  upturned  extensions  of  the 
exoexine,  as  opposed  to  thickenings;  compare  sections  with  those  of  Anulatisporites 
labiatus  (Plate  37,  fig.  11). 

Anteturma  pollenites  R.  Potonie  1931 
Turma  saccites  Erdtman  1947 
Subturma  monosaccites  (Chitaley)  Potonie  and  Kremp  1954 
Infraturma  extrornati  Butterworth  and  Williams  1958 
Genus  velosporites  Hughes  and  Playford  1961 

Velosporites  echinatus  Hughes  and  Playford  1961 

Plate  38,  figs.  8-10 

Comment.  Sections  confirm  the  loose  fitting  nature  of  the  bladder  and  the  relative  sculp- 
ture difference  between  body  (relatively  coarse,  sub-echinate)  and  the  bladder  (fine). 
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BRACHIOPOD  ECOLOGY  AND  LOWER 
GREENSAND  PALAEOGEOGRAPH Y 

by  F.  A.  MIDDLEMISS 


Abstract.  Living  brachiopod  colonies  show  a marked  preponderance  of  young  stages  in  the  population  but 
this  is  not  a necessary  criterion  of  a life-assemblage  of  fossil  brachiopods.  The  occurrence  of  well-preserved 
whole  shells  of  all  growth  stages  is  one  of  the  criteria  of  a life-assemblage.  The  percentage  of  disarticulated  and 
broken  valves  present  in  a fossil  assemblage  is  roughly  proportional  to  the  distance  drifted  from  the  original 
site  of  life,  but  this  refers  to  total  distance,  not  necessarily  net  distance.  In  the  Lower  Greensand  (Aptian)  of 
Faringdon  and  the  Bargate  Beds  (Lower  Greensand)  of  Surrey  the  brachiopod  faunas  do  not  occur  as  life 
assemblages  but  as  redistributed  communities  in  the  immediate  neighbourhood  of  their  sites  of  life.  Study  of  the 
lithology,  fauna,  and  thickness  variations  of  the  Bargate  Beds,  and  of  bore-hole  evidence,  suggests  that  the  beds 
were  deposited  very  close  to  shore.  This  conclusion  is  extended  by  analogy  to  the  Faringdon  Greensand.  Similar 
evidence  is  reviewed  for  the  Lower  Greensand  of  Upware  and  leads  to  a similar  conclusion.  The  Ferruginous 
Sands  (Aptian)  of  the  Isle  of  Wight  were  deposited  under  neritic  conditions  but  many  miles  from  a shore.  Here, 
in  at  least  two  horizons,  life  assemblages  of  articulate  brachiopods  are  preserved ; their  sedimentary  environment 
suggests  that  shallow,  well-oxygenated  conditions  with  currents  were  necessary  for  brachiopod  life. 


INTRODUCTION:  LIFE  OR  DEATH  ASSEMBLAGES? 

The  first  prcblem  which  arises  in  any  consideration  of  palaeoecology  is  that  of  deter- 
mining whether  the  fossils  concerned  are  preserved  where  they  lived  or  have  been  moved 
after  death  by  current  or  other  agencies,  since  upon  this  depend  any  further  deductions 
concerning  conditions  of  life  of  the  animals. 

Articulate  pediculate  brachiopods,  unlike  cemented  organisms,  can  never  be  preserved 
strictly  in  the  orientation  of  life  because  of  the  decay  of  the  pedicle,  but  in  the  absence 
of  powerful  disruptive  agents,  especially  of  strong  currents,  a colony  of  pediculate 
organisms  might  be  expected  to  be  preserved  fossil  as  a mass  of  shells  occupying  the 
site  of  the  living  colony. 

Boucot  ( 1 953)  has  suggested  criteria  for  distinguishing  such  an  undisrupted  community 
from  a current-drifted  assemblage  (defined  by  Craig  1953). 

1 . Size ! frequency  distribution  measurements.  A brachiopod  life  assemblage  might  show 
a markedly  concave  size/frequency  curve  owing  to  the  large  number  of  young  produced 
and  the  high  mortality  rate  among  immature  individuals.  Percival  (1944)  demonstrates 
this  for  living  brachiopod  colonies,  but  other  factors  both  during  and  after  life  may 
modify  the  picture.  For  example,  current  and  wave  action  may  selectively  remove  shells 
to  leave  not  a current-drifted  assemblage  but  a current-depleted  community,  and  it  is 
likely  that  the  shells  removed  will  be  those  of  young  individuals  because  of  their  higher 
proportional  mortality  rate  and  because  currents  which  are  not  strong  enough  to  break 
up  the  biohermal  community  form  might  transport  the  smaller  rather  than  the  larger 
shells  (cf.  Boucot,  Brace,  and  Demar  1958,  p.  323).  Subsequent  solution,  especially  in 
porous  rock,  should  affect  small  shells  rather  than  larger,  owing  to  their  greater  surface/ 
volume  ratio,  and  thus  change  the  composition  of  the  assemblage.  The  physical  difficul- 
ties of  observing  very  small  shells  and  of  separating  them  from  the  matrix  is  another 

[Palaeontology,  Vol.  5,  Part  2,  1962,  pp.  253-67.] 
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practical  consideration  affecting  the  apparent  size/frequency  distribution.  These  three 
factors  could  all  combine  to  reduce  the  proportion  of  small  shells  in  the  fossil  assemblage 
to  considerably  less  than  that  of  young  forms  in  the  original  community.  Thus  the 
occurrence  of  whole  shells  of  all  growth  stages  may  be  strong  evidence  for  the  presence 
of  a life  assemblage  (Craig  1954),  irrespective  of  the  exact  shape  of  the  size/frequency 
curve.  Abrasion  would  tend  to  reduce  the  number  of  unusually  large  shells,  but  this 
would  apply  to  a current-drifted  assemblage  rather  than  to  a community  virtually  in 
the  position  of  life,  since  currents  powerful  enough  to  bring  about  abrasion  of  shells 
would  also  be  powerful  enough  to  break  up  the  community  form. 

2.  The  ratio  of  articulated  to  disarticulated  sheU  valves.  This  is  an  important  considera- 
tion (Boucot  et  al.  1958).  In  general,  pediculate  articulate  brachiopods  are  among  the 
most  resistant  of  bivalves  to  disarticulation,  so  that  a high  proportion  of  disarticulated 
valves  will  indicate  drifting  about  the  sea  floor  for  a relatively  long  period  before  burial, 
and  in  species  whose  brachial  and  pedicle  valves  difler  markedly  in  size  or  shape  the 
two  valves  may  become  differentially  current-sorted.  Similarly  the  valves  will  be  more 
liable  to  abrasion  the  longer  they  are  drifting  from  their  place  of  origin,  and  a high  pro- 
portion of  broken  valves  will  indicate  a still  longer  period  of  current-drifting. 

These  considerations  cannot  supply  more  than  a small  part  of  the  picture  of  the 
animals’  ecology,  but  more  can  be  filled  in  by  taking  into  account  the  nature  of  the 
sediment  in  its  field,  petrographic  and  chemical  aspects. 

SOME  CASES  FROM  THE  ENGLISH  LOWER  GREENSAND 

1.  Faringdon.  The  outliers  of  Lower  Greensand  at  Faringdon,  Berkshire,  provide  a 
local  glimpse  of  the  deposits  of  a shallow  Upper  Aptian  sea  channel  (Kirkaldy  1939, 
Arkell  1947u,  Middlemiss  1959).  At  the  base  are  the  Red  and  Golden  Gravels,  which 
are  coarse,  condensed  gravelly  sands,  current-bedded,  and  full  of  organic  remains,  in- 
cluding, in  particular,  calcareous  sponges  and  Polyzoa.  None  of  these  are  in  the  position 
of  growth  and  most  are  to  some  extent  broken  but  not  comminuted.  The  general  aspect 
is  that  of  a fore-reef  deposit  which  has  received  current-borne  detritus  from  a very  nearby 
region  of  luxuriant  sponge  and  polyzoan  growth.  Brachiopods  are  also  abundant  but 
consist  dominantly  of  separated  and  often  abraded  valves.  For  the  species  Genmiarcula 
aurea,  Elliott  (1956)  quotes  84  per  cent,  worn  and  disconnected  valves,  but  the  remain- 
ing 16  per  cent,  of  this  species  present  a problem  since  they  are  well  preserved,  even  to 
the  delicate  terebratelloid  brachial  apparatus,  and  could  be  interpreted  as  buried  in  the 
position  of  life,  especially  since  Elliott  was  able  to  find  all  growth  stages  among  them. 
Other  species  occur  in  similar  proportions.  In  particular  Sellithyris  co.xwellensis  Middle- 
miss,  Cyrthothyris  cyrta  (Walker),  and  C.  uniplicata  (Walker)  are  present  in  all  growth 
stages  and  in  all  stages  of  preservation  from  the  whole  shells  with  well-preserved  brachial 
loops  to  worn  single  valves. 

Elhott  quotes  the  experiments  of  Menard  and  Boucot  (1951)  for  a belief  that  the 
closed  shells  of  recently  dead  brachiopods  may  be  transported  by  gentle  currents  with- 
out damage  and  also  may  be  current-sorted  into  species  without  being  current-sorted 
by  size  or  shape,  so  that  different  growth  stages  of  one  species  may  be  drifted  together, 
and  thus  concludes  that  the  whole  of  the  Faringdon  deposits  must  be  regarded  as  a 
current-accumulation  (death  assemblage). 
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This  conclusion  seems  to  be  inescapable  but  the  presence  of  very  well-preserved  shells 
and  of  juvenile  stages  mixed  with  adult  and  gerontic  indicates  that  the  position  of  life 
was  in  the  immediate  neighbourhood  of  the  present-day  deposits  and  that  we  have  here  a 
redistributed  life  assemblage,  the  great  differences  in  state  of  preservation  among  speci- 
mens of  one  species  being  due  to  differences  in  total  time  of  to  and  fro  drifting  within  a 
small  area.  By  analogy  with  the  Bargate  Beds  (below)  it  is  unlikely  that  the  position  of 
life  of  these  species  was  more  than  a mile  or  so  from  their  present  locations,  probably 
much  less. 

We  may  conclude  that,  at  least  in  the  case  of  the  species  G.  aurea,  S.  coxwellensis,  C. 
cyrta,  and  C.  imiplicata,  the  net  distance  of  current-drifting  from  the  original  sites 
of  life  was  very  small,  although  for  many  individuals  the  total  drifting  distance  was 
large.  Several  other  species  are  comparatively  rare  and  always  fragmentary  at  Faringdon, 
for  example  Praelongithyris  praelougiforma  Middlemiss  and  Cyrtothyris  cantabridgiensis 
(Walker);  the  distance  travelled  by  these  shells  was  presumably  much  greater. 

These  remarks  apply  to  the  Golden  Gravel.  The  overlying  Red  Gravel  is  much 
poorer  in  brachiopods,  but  both  illustrate  observations  of  Elliott  (1950)  and  Cooper 
(1937)  on  the  common  association  of  articulate  brachiopods  with  sponges.  The  sponges 
presumably  formed  a very  suitable  substratum  for  the  attachment  of  the  brachiopods 
and  large  specimens  of  the  sponge  Rhaphidonema  can  sometimes  be  found  with  rhyn- 
chonellids  still  in  position  between  the  folds  of  the  sponge  skeleton,  even  though  the 
sponge  itself  has  been  transported  from  its  site  of  life. 

2.  The  Bargate  Beds.  The  Bargate  Beds  of  the  Lower  Greensand  just  to  the  south  of 
Guildford,  28  miles  south-west  of  London,  carry  a fauna  mainly  of  brachiopods  (Meyer 
1864,  1868;  Wright  1939)  and  present  many  parallels  with  Faringdon,  where  the  Sponge 
Gravels  belong  to  the  same  ammonite  subzone.  Exposures  with  identifiable  brachiopods 
occupy  an  area  of  some  12  by  4 miles  (text-fig.  1)  in  which  the  beds  are  composed  of 
coarse  pebbly  sandstones  and  coarsely  arenaceous  limestones,  all  strongly  false-bedded. 
As  at  Faringdon,  the  brachiopods  found  in  any  one  exposure  may  exhibit  all  stages  of 
abrasion  from  whole  shells  with  well-preserved  loops  to  abraded  single  valves,  and 
beyond  this  to  broken  valves  more  fragmentary  than  any  at  Faringdon,  and  also  a 
mixture  of  growth  stages.  Whole  and  practically  unrolled  shells  are  found  quite  com- 
monly in  the  coarsest  parts  of  the  beds,  which  must  have  been  deposited  under  conditions 
of  strong  current  action. 

Here  again  none  of  the  fossils  are  in  the  position  of  life  but  are  spread  along  the  bed- 
ding planes  and  the  foreset  planes  of  the  false  bedding  with  different  species,  different 
growth  stages,  and  different  stages  of  abrasion  intimately  mixed.  They  represent  a life 
assemblage  in  the  sense  that  they  lived  in  the  area  in  which  they  are  now  found  but 
they  are  all  current-drifted  to  a greater  or  lesser  extent.  South-westwards  from  Guildford 
the  brachiopod  shells  are  progressively  more  finely  comminuted  (text-fig.  1),  and  around 
Thursley  and  Headley  the  only  fossils  found  whole  are  rare  ammonites  and  nautiloids. 
The  ecological  picture  is  of  an  area  of  shallow,  current-washed,  and  hence  presumably 
well-oxygenated  sea  floor,  bearing  scattered  colonies  of  brachiopods  each  of  which  had 
a short  life  before  being  broken  up  by  currents. 

The  overall  direction  of  the  current-bedding  throughout  the  Bargate  Beds  of  the 
north-west  Weald  is  from  north-west  or  north  (Kirkaldy  1939,  Knowles  and  Middlemiss 
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1959)  but  the  actual  foreset  directions  are  complex  and  in  many  exposures  no  dominant 
direction  is  obvious.  As  a result  of  rapid  variation  in  detailed  current  direction,  the 
depediculated  shells  were  washed  to  and  fro  and  only  those  which  had  drifted  within 
area  A long  enough  to  be  broken  into  fragments  were  transported  to  area  B.  This, 
plotted  on  a map  (text-fig.  1),  seems  to  imply  that  no  shell  could  remain  whole  if  the 
net  distance  drifted,  from  the  position  of  life  to  the  position  of  final  burial,  were  more 
than  a mile  or  so. 


TEXT-FIG.  1.  Palaeogeography  of  the  Bargate  Beds  near  Guildford,  Surrey. 


Eastwards  the  Bargate  lithology  passes  near  Dorking,  12  miles  east  of  Guildford,  into 
thin  unfossihferous  loams,  but  around  Nutfield,  9 miles  east  of  Dorking,  these  are  re- 
placed by  fine  calcareous  sandstone  with  fuller’s  earth  (Gossling  1 929),  yielding  numerous 
fossils  but  not  brachiopods  (Dines  and  Edmunds  1933).  Wood  (1957)  has  shown  that 
this  Nutfield  facies  was  deposited  in  a sheltered  area  of  the  sea  floor  under  conditions 
leading  to  the  formation  of  a peculiar  assemblage  of  authigenic  heavy  minerals;  con- 
ditions which  were  not  inimical  to  shelly  life  but,  in  contrast  to  those  of  the  Bargate 
Beds,  must  have  been  unfavourable  for  brachiopods. 

Ecological  conditions  seem  then  to  have  been  very  similar  during  Parahoplites  nut- 
fieldensis  times  at  Faringdon  and  in  the  north-west  Weald  and  a further  question  of  con- 
siderable importance  is  how  near  to  a shore  these  shallow-water,  current-washed  de- 
posits were  laid  down.  In  neither  case  are  the  strictly  littoral  deposits  of  the  sea  preserved 
but  the  Bargate  Beds  contain  a valuable  piece  of  evidence  in  the  presence  of  numerous 
derived  Jurassic  ammonites  (Arkell  1939)  which  are  mainly  of  Oxfordian  age,  although 
some  are  Callovian  and  Kimeridgian.  They  are  mostly  preserved  in  rather  fragile  limonite 
and  are  confined  to  an  area  immediately  south  of  Guildford  corresponding  quite  closely 
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with  areas  A and  B in  text-fig.  1.  Arkell  concludes,  from  their  state  of  preservation, 
that  these  fossils  cannot  have  travelled  far  and  that  the  Bargate  Beds  were  deposited 
directly  upon  Oxford  Clay  north  of  Compton.  The  ammonites  from  the  Ampthill  and 
Kimeridge  Clays  are  phosphatized  and  much  more  worn,  suggesting  that  the  outcrop 
of  these  beds  was  farther  away,  probably  to  the  west.  Arkell  postulates  a major  fault 
along  the  line  of  the  Hog’s  Back  to  explain  the  sudden  disappearance  northwards  of  the 
pre-Bargate  Cretaceous  Beds ; he  does  not  discuss  the  position  of  the  actual  shore-line 
in  Bargate  Bed  times,  and  previous  writers  such  as  Chapman  (1894)  have  taken  the 
supposed  presence  of  Bargate  Beds  in  the  Richmond  boring  as  conclusive  evidence  that 
the  shore-line  lay  some  20  miles  north-east  of  Guildford. 

The  Richmond  boring  (Judd  1884),  8 miles  south-west  of  central  London,  found, 
separated  by  a sharp  junction  from  normal  Gault,  10  feet  of  limestone  resting,  with  a 
basal  phosphatic  nodule  bed,  upon  Great  Oolite  (Bathonian).  Judd  regarded  this  rock 
as  ‘Ncocomian’  and  as  consisting  of  reworked  Great  Oolite  material  with  worn  Jurassic 
brachiopods.  Whitaker  and  Jukes-Browne  (1894)  were  apparently  the  first  to  compare  it 
lithologically  with  the  Bargate  Beds,  Chapman  (1894)  to  suggest  actual  stratigraphic 
correlation.  It  would  in  this  case  represent  the  extreme  northern  extension  of  the  Lower 
Greensand  sea,  since  in  the  Chiswick  borehole,  3 miles  to  the  north-east,  Gault  rested  on 
Old  Red  Sandstone  (Geol.  Surv.  Wartime  Water  Supply  Pamphlet  No.  10,  part  III). 

There  seems,  however,  to  be  no  positive  evidence  for  such  a correlation.  The  speci- 
mens and  thin  sections  at  the  Geological  Survey  differ  from  the  Bargate  Beds  in  the 
rarity  of  quartz  grains  and,  in  sections  from  the  lower  half  of  the  limestone,  in  the  great 
abundance  of  ooliths,  and  they  closely  resemble  the  specimens  from  the  Great  Oolite 
part  of  the  core.  In  fact,  the  thin  section  claimed  by  Chapman  to  show  especial  similarity 
to  Bargate  rock  (E  29128,  from  1156  ft.  6 in.)  comes  from  part  of  the  core  assigned  by 
both  Judd  (1884)  and  Whitaker  (1912)  to  the  Great  Oolite.  There  seems  to  be  no  real 
reason  for  not  regarding  all  10  feet  as  Jurassic.  If  any  major  division  is  to  be  made,  the 
most  obvious  level  for  it  is  at  the  ‘pyritic  clay’  at  1145  ft.  9 in.,  which  has  densely  packed 
bioclastic  limestone  without  ooliths  above,  oolitic  limestone  below;  the  upper  division 
(4  ft.  thick)  might  be  Cretaceous.  Even  assuming  all  or  some  of  the  beds  to  be  reworked 
Great  Oolite  and  to  be  of  Cretaceous  age,  they  could,  on  internal  evidence,  be  a shallow- 
water  Tourtia-like  facies  of  any  part  of  the  Lower  Greensand,  although  the  absence  of 
glauconite  is  notable.  A similar  limestone  in  borings  at  West  Bilney  and  Culford  in  East 
Anglia  is  probably  of  much  earlier  Cretaceous  age. 

At  the  outcrop  the  Bargate  Beds  appear  to  be  of  very  shallow-water  near-shore  facies 
and  are  succeeded  by  the  Puttenham  Beds  (higher  Upper  Aptian),  of  somewhat  more 
off-shore  character  (Middlemiss  1962a);  thus  any  pre-Gault  deposits  lapping  on  to  the 
Palaeozoic  platform  20  miles  away  to  the  north-east  might  be  expected  to  represent 
transgressive  horizons  younger  than  the  Bargate  Beds,  either  Puttenham  Beds  or  Folke- 
stone Beds  (Lower  Albian).  It  is  not  possible  to  confirm  this  directly  from  well  records, 
since  no  bores  in  the  intervening  area  reach  the  base  of  the  Lower  Greensand,  but  all 
those  which  penetrate  Lower  Greensand  at  all  show  sand  of  Folkestone  Beds  type 
underlying  the  Gault  (Whitaker  and  Jukes-Browne  1894,  and  Geol.  Surv.  Wartime 
Water  Supply  Pamphlet  No.  15,  part  V). 

Figures  for  the  thickness  of  the  Bargate  Beds  given  by  Knowles  and  Middlemiss 
(1959),  Kirkaldy  (1932),  Meyer  (1868),  and  Dines  and  Edmunds  (1929)  indicate  north- 
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ward  thinning  at  a fairly  constant  rate  of  25  feet  every  2 miles,  which,  if  extrapolated, 
would  give  a zero  isopaeh  near  the  Guildford  By-pass  road,  about  1 mile  north  of 
Guildford.  Sueh  a position  for  the  shore-line  would  fit  the  palaeoecological  faets  better 
than  one  several  miles  farther  north  and  it  is  here  postulated  that  Arkell’s  fault  formed  a 
fault-line  coast  in  Bargate  Bed  times.  There  had  probably  been  some  movement  of  the 
fault  in  immediately  pre-Bargate  times,  eausing  the  slight  break  between  the  Hythe  and 
Bargate  Beds  represented  by  the  basal  Bargate  pebble  beds  and  causing  any  pre- 
Bargate  Cretaeeous  rocks  deposited  north  of  the  fault  to  be  rapidly  stripped  off,  thus 
aecounting  for  the  fact  that  the  Bargate  Beds,  although  deposited  at  a time  of  general 
marine  transgression,  are  of  more  littoral  facies  than  the  underlying  Hythe  Beds.  It 
seems  probable  that  this  movement  of  the  fault  would  have  been  part  of  the  post- 
Wealden  ^xt-nutfieldeusis  movements  which  are  so  important  in  Dorset  and  in  the 
southern  Midlands  (Arkell  \9Alb,  Ballance  1960),  and  whieh  Casey  (1961)  shows  to 
have  been  intra- Upper  Aptian  in  age. 

At  Faringdon  there  is  less  evidence  bearing  upon  the  position  of  the  shore-line;  de- 
rived Jurassic  fossils  occur  but  are  much  more  rolled  than  in  the  Bargate  Beds.  Arkell 
(1947)  considered  the  Faringdon  deposits  to  be  ‘not  of  littoral  origin  but  accumulated 
in  a clear,  shallow,  neritie  sea’  as  ‘generally  there  is  no  comminution  of  the  sponges 
or  shells  by  wave  aetion’.  As  shown  above,  however,  the  facies  is  almost  exactly  the  same 
as  in  the  Bargate  Beds,  apart  from  the  much  greater  amount  of  limonite,  and  by  analogy 
it  seems  likely  that  the  nearest  shore-line  was  not  more  than  4 miles  away. 

3.  Brickhill  and  Upware.  The  richest  assemblages  of  Lower  Greensand  brachiopods 
ever  discovered  were  at  Brickhill,  Buckinghamshire,  40  miles  north-west  of  London,  and 
Upware,  9 miles  north-east  of  Cambridge,  at  neither  of  which  are  there  now  any  ex- 
posures, so  that  any  palaeoecological  evidence  has  to  be  drawn  from  old  aecounts  and 
museum  collections.  Between  these  two  localities  the  dominant  feature  of  the  Lower 
Greensand  is  its  attenuation  from  about  200  feet  near  Brickhill  in  the  south-west  to  8 feet 
at  Upware  in  the  north-east.  In  general  the  beds  here  consist  of  coarse,  variable,  current- 
bedded  sands,  normally  unfossiliferous.  Near  Great  Brickhill,  however,  old  pits  yielded 
abundant  brachiopods  in  lenticles  of  calcareous  sandstone  scattered  through  the  lowest 
30  feet  in  association  with  phosphatic  nodules,  indicating  condensation  of  deposit ; the 
Lower  Greensand  rests  unconformably  on  Upper  Jurassic  Oxford  Clay.  The  degree  of 
condensation  seems  to  vary  rapidly  since  at  Rushmoor,  only  2 miles  from  Brickhill,  the 
basal  phosphatic  bed  was  only  7 feet  thiek  (Keeping  1875).  When  the  sands  are  traced 
north-eastwards  into  Bedfordshire  and  Cambridgeshire  a similar  process  of  thinning 
due  to  increasing  condensation  takes  place.  Between  Potton  and  Sandy  very  ferru- 
ginous sands  with  phosphatic  nodules  have  yielded  indigenous  fossils,  including  brachio- 
pods, in  a ferruginous  condition  in  a phosphatic  conglomeratic  bed  (Walker  1866). 

Finally  on  the  ‘islands’  of  the  Cambridgeshire  fens,  sueh  as  Ely,  a few  feet  of  coarse 
sands  with  phosphatic  nodules  represent  the  Aptian  and  it  was  this  highly  eondensed 
faeies  which  was  formerly  well  exposed  at  Upware.  The  main  relevant  features  of  the 
Lower  Greensand  here  are  (1)  its  extreme  thinness  and  great  richness  in  ealcium  phos- 
phate; (2)  the  coarseness  of  the  deposits,  which  include  conglomerates  with  walnut- 
sized pebbles ; (3)  the  abundance  of  the  fauna  in  the  coarsest  part  of  the  beds,  where  yet 
the  fossils  were  extremely  well  preserved,  especially  the  brachiopods,  whose  brachial 
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loops  are  usually  complete  (Walker  1867,  Keeping  1868,  Bonney  1875,  Teall  1875, 
Keeping  1883). 

At  Upware  the  Lower  Greensand  rests  unconformably  upon  both  Kimeridge  Clay 
and  Corallian  reef  limestones  (Upper  Oxfordian),  the  reef  limestones  having  been  ex- 
humed from  their  clay  cover  by  erosion  immediately  prior  to  Aptian  times  to  form  a 
rocky  mound  against  which  the  Lower  Greensand  was  laid  with  distinct  depositional 
dip  (Bonney  1875).  The  indigenous  Aptian  fossils  were  confined  to  two  conglomeratic 
nodule  beds,  each  a few  inches  thick  and  separated  by  a foot  or  so  of  sand,  the  lower  of 
which  rested  directly  upon  the  Upper  Jurassic  clays  and  limestones  and  was  markedly 
richer  both  in  indigenous  fossils  and  in  calcareous  cement  (Keeping  1883).  The  brachiopods 
are  not  only  extremely  well  preserved  but  show  a wide  range  of  growth  stages  and  tended 
to  occur  in  masses  of  cemented  ‘brachiopod  conglomerate’,  each  block  consisting  of 
individuals  of  one  species  (Sedgwick  Museum,  Cambridge),  which  were  living  in  colonies 
extremely  locally,  the  majority  of  them  probably  utilizing  the  exposed  surfaces  of  Coral- 
lian limestone  as  a hard  substratum  for  attachment.  They  have  been  moved  by  currents 
no  more  than  a matter  of  yards  at  the  most.  Both  Bonney  and  Keeping  correlate  the 
abundance  of  shelly  fauna  and  of  calcareous  sponges  at  Upware  with  the  presence  of 
abundant  calcium  carbonate  derived  from  the  Corallian  limestone  (the  presence  of  de- 
rived ooliths  in  the  internal  matrix  of  the  brachiopods  is  characteristic  of  Upware)  and 
Keeping  (1875)  notes  the  absence  of  calcareous  sponges  from  Brickhill  (no  calcareous 
Jurassic  rocks  nearby),  whereas  they  are  abundant  at  Faringdon  (Corallian  limestone 
again  very  close). 

The  derived  fossils  at  Upware  were  mixed  with  the  indigenous  in  the  same  nodule 
beds  (Keeping  1883)  and  show  three  different  types  of  preservation:  (1)  fossils  from  the 
Corallian  limestone  are  in  their  original  calcareous  condition  and  lumps  of  the  limestone 
were  commonly  found,  showing  that  it  was  exposed  to  active  erosion  at  the  time;  (2) 
ammonites  from  the  Oxford  Clay  are  well  preserved  and  composed  of  limonite,  as  in  the 
Bargate  Beds;  (3)  all  other  derived  fossils  are  phosphatized,  these  including  forms  from 
the  Kimeridge  Clay  and  Portlandian  and  also  from  the  Lower  Cretaceous.  These  points 
have  a direct  bearing  upon  the  habitat  of  the  indigenous  brachiopods.  Erosion  of  the 
hard  Jurassic  limestone  implies  wave  action  upon  an  immediately  adjacent  coast-line 
formed  of  these  rocks,  not  necessarily  the  mainland  coast — it  could  have  been  an  island, 
but  at  least  the  brachiopods  were  here  living  in  an  almost  littoral  environment.  The 
presence  of  well-preserved  limonitized  Oxford  Clay  ammonites  suggests,  by  analogy 
with  the  Bargate  Beds,  the  presence  of  a shore  line  composed  of  Oxford  Clay  not  more 
than  2 or  3 miles  from  Upware  but  now  hidden  beneath  the  unconformable  Gault;  in  the 
Cambridge  boring  the  Lower  Greensand  rested  upon  Corallian  which  was  only  9h  feet 
thick  (Edmunds  1954).  The  phosphatized  Kimeridgian  and  Portlandian  specimens  have 
been  rolled  about  the  Aptian  sea  floor  for  a longer  period,  during  which  phosphatization 
took  place ; Keeping  1 883,  p.  3 1 , remarks  that  they  are  smaller  and  much  more  worn  than 
at  Potton  and  that  the  Portlandian  fossils  are  of  southern  affinities  and  are  more 
numerous  at  Brickhill.  The  Kimeridge  Clay  at  Upware  itself  is  poorly  fossiliferous, 
thus  it  is  probable  that  all  these  forms  are  derived  from  the  south  and  represent  rocks 
forming  the  shore  of  the  Aptian  sea  at  a greater  distance  from  Upware  than  the  Oxford 
Clay  and  Corallian.  This  conclusion  is  supported  by  examination  of  the  fossils  from 
the  Lower  Greensand  recently  exposed  during  the  construction  of  the  Ml  road  at 
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Ridgmont,  Bedfordshire,  between  Potton  and  Brickhill  (Geol.  Surv.  nos.  WA  1924-82). 
The  fossils  came  from  the  basal  conglomerate  of  the  Lower  Greensand  and  consist  very 
largely  of  the  typical  Hartwell  Clay  (Upper  Kimeridgian)  ammonite  Pavlovia,  preserved 
as  phosphatic  internal  casts.  The  degree  of  rolling  varies  much  but  some  have  fresh 
and  unworn  ribbing,  others  even  show  the  original  iridescence  of  the  shell  in  the  grooves 
between  the  ribs — evidently  derived  from  the  immediate  neighbourhood.  There  are  also 
traces  of  indigenous  fossils  in  this  collection,  including  one  specimen  of  Platythyris  aff. 
comptonensis  Middlemiss,  not  at  all  rolled,  damaged,  or  disarticulated. 

As  to  the  position  of  the  main  Upper  Aptian  shore-line  relative  to  Upware,  some 
negative  evidence  is  obtainable  from  well  records.  ‘Lower  Greensand’  is  recorded  in 
several  well  records  east  of  Upware,  namely  North  Creake  (Kent  1947),  West  Bilney 
(Pringle  1920),  Southery  (Pringle  1923),  Culford  (Whitaker  and  Jukes  Browne  1894), 
and  Lowestoft  (Strahan  1913),  but  in  each  case  appears  to  be  of  pre- Aptian  age.  Thus 
we  may  at  least  conclude  that,  as  there  is  no  evidence  to  the  contrary,  the  Upper  Aptian 
shore-line  could  have  been  very  close  to  Upware.  The  pre-Upper  Aptian  Cretaceous  un- 
doubtedly extended  an  unknown  distance  to  the  east  but  much  of  it  had  been  removed 
prior  to  the  deposition  of  the  Upware  Lower  Greensand,  probably  during  the  period  of 
the  intra-Upper  Aptian  tectonic  movements. 

4.  The  Isle  of  Wight.  Here  the  Aptian  rocks  begin,  after  a slight  break  giving  rise  to  a 
bone-bed,  with  a richly  fossiliferous  sandstone,  the  Perna  Bed,  5 feet  thick,  which  is 
succeeded  by  the  Atherlield  Clay,  poorly  fossiliferous  but  containing  species  of  the 
zonal  ammonite  Deshayesites  (Casey  1961).  The  remainder  of  the  Aptian  is  grouped 
under  the  name  of  Ferruginous  Sands  (White  1921),  a varied  series  of  sediments  which 
show  no  evidence  of  having  been  deposited  very  close  to  a shore,  but  the  neritic  origin 
of  which  is  shown  by  their  lateral  variability  as  well  as  by  the  nature  of  their  fauna. 

The  Perna  Bed  itself  is  uniform  in  facies  and  fauna  within  the  island  and  its  charac- 
teristic fauna  occurs  at  the  base  of  the  Lower  Greensand  northwards  to  the  north  crop 
of  the  Weald.  It  is  a very  mixed  fauna  including  lamellibranchs,  gastropods,  com- 
pound corals,  and  also  brachiopods,  which  are  common  and  moderately  well  preserved, 
but  there  is  no  suggestion  here  of  any  preservation  of  the  life  assemblage,  since  they  occur 
scattered  through  the  bed,  intimately  mixed  with  the  rest  of  the  fauna.  The  Perna  Bed 
transgression  was  succeeded  by  a phase  of  quiet  sedimentation  of  fine  silts,  now  the 
Atherlield  Clay,  during  which  conditions  throughout  most  of  the  south  English  area 
seem  to  have  been  inimical  to  brachiopod  life. 

The  clearest  and  most  fossiliferous  section  of  the  Ferruginous  Sands  is  that  provided 
by  the  cliff's  from  Atherlield  to  Rocken  End,  along  the  south-west  coast  of  the  island, 
where  Fitton  (1847)  divided  the  beds  into  Groups  III-XV.  Brachiopods  are  known  from 
most  of  these  groups  but  occur  with  especial  abundance  in  Group  IV  (the  Lower 
Gryphaea  Bed)  and  Groups  IX  and  X (The  Walpen  and  Ladder  Sands  and  Upper 
Gryphaea  Bed),  which  will  be  described  in  more  detail. 

In  the  Lower  Gryphaea  Group,  SelUthyris  sella  (J.  de  C.  Sow.)  occurs  abundantly  in 
two  distinct  kinds  of  assemblage:  {a)  accumulations  strung  out  parallel  with  the  bedding 
but  in  places  forming  pockets  and  {b)  knots  of  closely  packed  well-preserved  shells. 
Specimens  of  each  of  these  types  of  assemblage  were  removed  whole  from  the  cliflT  face 
and  broken  up  in  an  attempt  to  extract  and  measure  every  fossil  from  them. 
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The  specimen  of  type  {a)  was  taken  from  a lenticular  thickening  of  the  fossiliferous 
band  and  measured  14  x 12x7  in.  The  fauna  consisted  of  a mixture  of  Sellithyn's  sella 
with  rhynchonellids,  pectinids,  and  Exogyra,  of  which  the  majority  of  the  brachiopod 
shells  and  all  the  lamellibranch  shells  were  disarticulated,  and  most  were  fragmentary. 

The  specimen  of  type  {b)  was  a rounded  nodular  mass  10  X 8 x 6 in.  high,  consisting  of 
a packed  mass  of  SeUithyris  sella  set  in  a friable  sandstone  matrix,  the  shells  exhibiting 
no  preferred  orientation.  This  was  broken  up  manually  and  yielded  200  whole  shells, 
of  which  198  were  S.  sella  and  two  rhynchonellids.  There  was  inevitably  some  breakage 
inherent  in  the  method  but  loss  of  specimens  due  to  this  cause  was  estimated  at  not  more 
than  5 per  cent. ; no  broken  shells  were  noticed  apart  from  those  broken  during  extrac- 
tion. Study  of  the  ontogeny  and  variation  of  these  forms  is  in  progress;  meanwhile  the 
points  which  are  relevant  to  the  criteria  mentioned  in  the  Introduction  can  be  stated  thus : 
{a)  whole  and  well-preserved  shells  representing  all  growth  stages  are  present ; text-fig.  4 
shows  the  distribution  of  overall  size  (length+breadth+thickness)  and  closely  com- 
parable histograms  are  given  by  these  measurements  plotted  separately;  (b)  only  two 
disarticulated  valves  were  found;  (c)  all  except  two  specimens  were  of  one  species. 

It  is  concluded  from  this  evidence  that  the  closely  packed  knots  of  SeUithyris  sella 
(type  B)  represent  biohermal  colonies  and  are  as  near  to  being  ‘life  assemblages’  as  can 
be  expected  with  this  type  of  animal.  We  may  go  on  to  consider  why  life  assemblages 
were  preserved  here  but  broken  contemporaneously  in  the  other  examples  above. 
Text-fig.  2 shows  the  relations  of  the  main  fossiliferous  horizon  in  the  middle  of  Group 
IV,  with  the  ‘biohermal’  masses  of  S.  sella  occurring  at  a slightly,  but  distinctly,  separate 
level  from  the  current  distributed  accumulation  of  shells.  The  lower  part  of  the  group 
represents  relatively  slow  deposition  and  relatively  poor  oxygenation  (Middlemiss 
1962Z)).  Below  the  fossil  horizon  the  clay  fraction  becomes  progressively  reduced  and 
the  fossil  horizon  then  follows  abruptly  with  the  appearance  of  large  Exogyra  and  tere- 
bratulid  debris,  in  coarser  ferruginous  non-glauconitic  medium  sand.  These  4 feet  seem 
to  represent  increasing  current  velocity  culminating  in  the  main  fossil  horizon,  at  which 
currents  were  sufficiently  powerful  to  break  up  nearby  brachiopod  colonies  and  trans- 
port large  shells;  this  was  followed  by  a short  period  of  quieter  conditions  during  which 
there  were  formed,  in  the  water  which  was  still  relatively  well  oxygenated,  the  brachiopod 
colonies,  some  of  which  can  be  seen  to  be  founded  upon  a large  Exogyra  shell  as  a local 
hard  substratum,  just  as  the  modern  Terebratulina  retusa  lives  on  detached  scallop  shells 
in  the  Sound  of  Jura  (Rowell  1960).  This  would  seem  to  imply  that  during  the  period 
of  the  main  fossil  horizon  some  parts  of  the  sea  floor  carried  living  brachiopod  colonies, 
while  in  other  parts  these  were  being  broken  up  and  the  shells  scattered  by  currents  to 
form  the  accumulations  of  type  a.  The  reason  why  some  of  the  colonies  were  preserved 
from  dispersal,  and  now  form  assemblages  of  type  b,  can  be  seen  in  the  succeeding 
beds  of  the  upper  part  of  the  group,  which  are  relatively  coarse  sands  full  of  vermiform 
burrows  and  represent  rapid  deposition  (Middlemiss  19626).  Thus  there  was  successively 
(1)  inhibition  of  brachiopod  life  by  poverty  in  oxygen,  (2)  colonization  by  brachiopods 
encouraged  by  well-oxygenated  water  coupled  with  slow  deposition  and  the  presence 
of  large  Exogyra  shells  for  fixation,  (3)  rapid  deposition  which  killed  off  the  colonies, 
prevented  their  dispersal  by  currents,  and  inhibited  further  colonization. 

In  the  Walpen  and  Ladder  Sands  and  Upper  Gryphaea  Group  (Groups  IX  and  X) 
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FERRUGINOUS  SANDS 
WITH 

WORM  BURROWS 


TEREBRATULID  LIFE- 
ASSEMBLAGE  nodules 
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DEBRIS 


SAND  WITH  LESS 
CLAY  THAN  BELOW 


CHURNED  SAND 
AND  CLAY 


EXOGYRA  O TEREBRATUUDS  ® CLEARLY  DEFINED 

WORM  BURROWS 

TEXT-FIG.  2.  Diagrammatic  representation  of  the  main  Terebratula  horizon  in  Group  IV  of  the  Ferru- 
ginous Sands  at  Atherfield,  Isle  of  Wight. 

the  evidence  is  not  quite  so  clear.  There  is  evidence  of  current  action  in  the  presence  of 
streams  of  serpulids,  Exogyra,  terebratulids,  and  rhynchonellids  spread  along  certain 
bedding  planes,  many  of  the  brachiopods  well  preserved  and  not  drifted  far.  Quite 
separate  from  these  are  small  (10x18x6-9  in.)  lenticles  packed  with  SeUithyris  sella 
shanklinensis,  some  with  associated  serpulids.  A smaller  one  of  these  (10x7  x6  in.)  was 
analysed  as  above.  Here  again  there  was  no  preferred  orientation  of  the  shells.  Of  S. 
sella  shanklinensis  214  shells  were  extracted,  in  addition  to  three  rhynchonellids  (whole 
shells),  three  specimens  of  Exogyra,  and  one  gastropod.  Percentage  loss  during  extrac- 
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COARSE  , CURRENT- 
BEDDED  SAND 


COARSER, LESS 
GLAUCONITIC,  LESS 
FOSSILIFEROUS  SANDS 


DARK  , HIGHLY 
GLAUCONITIC 
CHURNED  SANDS 


COLONIES  OF  ® CLEARLY  DEFINED 

TEREBRATULIDS  WORM  BURROWS 

TEXT-FIG.  3.  Diagrammatic  representation  of  Group  X of  the  Ferruginous  Sands  at  Atherfield,  Isle  of 
Wight,  together  with  the  top  of  Group  IX  and  the  base  of  Group  XI. 

tion  was  estimated  at  8,  with  again  no  shells  recognized  as  pene-contemporaneously 
broken.  Text-fig.  5 shows  the  distribution  of  overall  size,  with  length,  breadth,  and 
thickness  separately  giving  closely  similar  histograms,  indicating  that  complete  shells 
of  all  growth  stages  are  present.  Only  one  disarticulated  valve  was  found. 

These  brachiopod  colonies  are  in  medium-grained  silty  and  very  glauconitic  sand 
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(glauconite  35-45  per  cent.),  much  disturbed  by  burrowing  organisms.  Group  X shows 
evidence  of  increasing  speed  of  deposition,  the  sand  becoming  markedly  coarser  and 
lighter  in  colour  upwards  with  large  Exogyra  and  clearly  defined  vermiform  burrows 
becoming  abundant  near  the  top,  culminating  in  the  deposition  of  coarse,  current- 
bedded  sands  with  clearly  burrowed  foresets  (Middlemiss  1962Z?).  The  factors  in  com- 
mon with  Group  IV  seem  to  be  the  presence  of  the  large  Exogyra  as  substrata,  current 
action,  and  the  increasing  rapidity  of  deposition  to  preserve  the  colonies  from  dispersal. 
The  period  during  which  conditions  were  favourable  for  the  brachiopods  is  represented 


SIZE  IN  millimetres 

TEXT-FIG.  4.  Frequency  distribution  of  overall 
size  among  Sellirliyris  sella  from  a nodule  in 
Group  IV  of  the  Ferruginous  Sands,  Atherfield, 
Isle  of  Wight. 


SIZE  IN  millimetres 

TEXT-FIG.  5.  Frequency  distribution  of  overall 
size  among  Sellithyris  sella  shaiikliiiensis  from  a 
nodule  in  Group  IX  of  the  Ferruginous  Sands, 
Atherfield,  Isle  of  Wight. 


by  a greater  thickness  of  strata  than  in  Group  IV  (about  15  ft.  as  against  2 ft. — see 
text-fig.  3),  conditions  in  the  upper  part  of  the  group  being  presumably  unfavourable 
for  colonization  because  of  the  rapid  accumulation  of  sediment. 

Another  locality  in  the  Isle  of  Wight  where  conditions  seem  to  have  resembled  those  of 
Group  IV  of  the  Atherfield  section  is  south  of  Shanklin,  on  the  south-east  coast,  in 
beds  equivalent  to  Group  XIII  (zone  of  Parahoplites  nulfieldensis).  Here  the  bed  which 
forms  the  reef  of  Horse  Ledge  is  of  medium-grained  ferruginous  sandstone,  current- 
bedded  on  a small  scale  (6  in.  foresets),  with  clear  vermiform  burrows,  and  is  overlain 
by  a highly  fossiliferous  horizon  about  2 feet  thick.  The  upper  surface  of  the  ledge 
provides  extensive  exposures  of  bedding  surfaces  within  the  fossiliferous  horizon,  upon 
which  can  be  seen  nests  of  Rhynchonella  parvirostris,  about  12  inches  in  diameter, 
associated  with  large  Exogyra  and  serpulids  and  mingled  with  rarer  Ornithella  morrisi, 
scattered  fairly  regularly  a few  yards  apart,  as  are  single  specimens  of  large  Exogyra 
and  pieces  of  fossil  wood.  The  brachiopods  are  well  preserved  and  contain  only  a small 
percentage  of  broken  or  disarticulated  valves  and  probably  are  life  assemblages  in  the 
sense  used  above.  The  greensand  of  the  fossil  horizon  has  no  apparent  sedimentary 
structure,  so  that  the  suggested  sequence  is  rapid  sedimentation  of  the  ledge-forming 
bed  (which  northwards  towards  Shanklin  becomes  much  more  strongly  current-bedded), 
followed  by  slow  deposition  of  the  fossil  horizon  and  subsequent  reversion  to  rapid 
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sedimentation  of  the  overlying  20  feet  or  so  of  strata,  culminating  in  the  ferruginous  and 
strongly  current-bedded  sands  above  (equivalent  to  Group  XIV). 

conclusions:  conditions  of  life 

These  examples  converge  to  the  conclusion  that  the  Aptian  brachiopods,  and  par- 
ticularly the  terebratulids,  lived  in  well-oxygenated  conditions  in  shallow  water  where 
there  was  some  current  action.  They  formed  colonies  in  which  successive  offspring  fixed 
themselves  to  the  parental  shells  to  build  up  miniature  brachiopod  reefs.  The  colony  in 
some  cases  commenced  on  a hard  substratum,  in  other  cases  on  a soft  substratum  where 
a large  lamellibranch  shell  probably  formed  the  initial  platform  for  attachment.  Owing 
to  this  neritic  environment  the  colony  was  normally  broken  up  eventually  by  currents 
and  its  members  scattered  over  a greater  or  smaller  area.  Thus  the  optimum  environ- 
ment in  which  their  fossil  remains  are  discovered  is  normally  one  of  quite  coarse  material 
• — sand  and  pebbles — the  finer  fraction  of  which  has  been  winnowed  out  and  deposited 
elsewhere,  in  which  the  deposits  are  condensed  because  they  were  being  constantly 
scoured  and  resorted  by  wave  currents.  An  exception  is  that  in  the  Ferruginous  Sands 
of  the  Isle  of  Wight  sedimentation  was  at  times  sufficiently  rapid  to  smother  some 
colonies  and  preserve  them  in  their  position  of  growth. 

A point  of  great  importance  in  the  consideration  of  Aptian  palaeogeography  is  that 
these  conditions  favourable  to  brachiopod  life  normally  occurred  close  to,  or  at  least 
within  a very  few  miles  of,  the  coast-line,  as  Cooper  pointed  out  (Cooper  1937);  Per- 
cival  (1944)  and  Rowell  (1960)  also  describe  living  colonies  of  articulate  brachiopods 
immediately  off-shore.  Thus  in  many  cases  the  approximate  position  of  the  coasts  of  the 
time  can  be  followed  by  using  these  coarse  condensed  deposits,  with  their  often  abun- 
dant brachiopods,  as  a guide. 

Conditions  of  life  in  crowded  colonies  led  to  assymetrical  growth  in  numerous  in- 
dividuals; Cooper  (1937)  noted  this  among  modern  forms  and  it  is  well  seen  among 
Upware  specimens.  Crowding  may  also  in  some  cases  have  led  to  stunted  growth;  at 
Faringdon  a high  proportion  of  small  specimens  of  SeUithyris  coxwellensis,  the  com- 
monest species  there,  show  closely  spaced  exaggerated  growth-lines,  suggesting  stunting 
(Middlemiss  1959,  p.  122  and  plate  16,  fig.  12),  and  it  has  been  remarked  (e.g.  Davidson 
1852-5,  p.  71)  that  many  species  are  smaller  at  that  locality  than  elsewhere.  Very  large 
gerontic  specimens  of  several  species  {Cyrtothyris  cyrta,  C.  imipUcata,  S.  coxwellensis, 
Cyclothyris  latissima)  are  certainly  found  there  but  these  are  rare.  Small  size  alone  is, 
of  course,  no  evidence  of  stunted  growth,  but  growth-line  evidence  seems  convincing 
enough  in  the  case  of  S.  coxwellensis.  Crowding  may  have  been  one  cause  of  stunting 
but  the  great  abundance  of  iron  present  at  Faringdon  may  have  been  another  factor, 
although  the  evidence  with  regard  to  the  effect  of  iron  solutions  upon  animals  is  con- 
tradictory (Tasch  1953).  An  interesting  point  in  this  connexion  is  the  difference  in 
brachiopod  faunas  between  the  Golden  and  Red  Gravels  at  Faringdon;  in  the  Red 
Gravel,  with  its  greater  ferric  iron  content,  brachiopods  are  much  rarer  than  in  the  under- 
lying Golden  Gravel  but,  of  those  that  occur,  rhynchonellids  greatly  outnumber  tere- 
bratulids, whereas  among  the  abundant  Golden  Gravel  brachiopods  terebratulids 
slightly  outnumber  rhynchonellids.  This  apparent  greater  tolerance  by  rhynchonellids 
of  iron-depositing  conditions  can  be  illustrated  by  several  other  instances,  including 
the  more  ferruginous  parts  of  the  Ferruginous  Sands  in  the  Isle  of  Wight,  the  upper 
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Sandgate  Beds  of  the  south-west  Weald  (Kirkaldy  1937)  and  the  Puttenham  Beds  in  the 
north-west  Weald  (Middleniiss  1962n). 

The  development  of  local  races  of  Sellithyris  in  the  Upper  Aptian  probably  had  an 
ecological  basis.  S.  sella,  which  dominated  the  Lower  Aptian,  became  rare  in  the  Upper 
and  apparently  found  congenial  conditions  along  certain  parts  of  the  shore-lines,  in  very 
shallow  water,  where  a number  of  geographical  subspecies  and  species  evolved,  such  as 
S.  upwarensis,  S.  coxwellensis,  S.  sella  shanklinensis,  the  local  Upper  Aptian  races 
of  S.  sella  in  the  Bargate  Beds  and  Sandgate  Beds  and  those  in  odd  corners  of  the 
Ardennes  coast,  such  as  those  recorded  by  Barrois  (1878)  from  Grand  Pre,  which  prob- 
ably gave  rise  to  S.  tornaeemis.  The  latter  species  itself  flourished  in  Cenomanian  times 
in  precisely  the  conditions  favoured  by  its  Upper  Aptian  ancestors;  it  is  found  in  the 
very  shallow  water  Cenomanian  of  Normandy  and  of  the  Ruhr  and  in  the  Tourtias, 
whose  origin  under  almost  littoral  conditions,  where  the  deposits  were  as  likely  to  be 
washed  away  in  one  season  as  built  up  on  the  next,  is  clear  (Dehee  and  Petit  1927, 
Parent  1928,  Stainier  1935). 
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CALCAREOUS  ALGAE  FROM  THE  DALRADIAN 

OF  ISLAY 

by  B.  D.  HACKMAN  and  J.  L.  KNILL 


Abstract.  Calcareous  algae  occur  at  several  localities  in  the  Upper  Dolomitic  Group  of  the  Dalradian  of  Islay, 
Scotland;  at  Bonahaven,  these  stromatolites  occur  both  within  distinct  bands  and  as  small  bioherms. 


The  presence  of  stromatolitic  bodies,  of  possible  algal  origin,  in  the  Dalradian  of 
Islay  was  first  appreciated  by  Wilkinson  during  the  Geological  Survey  mapping  of  the 
island.  His  discovery  is  not  recorded  in  the  Islay  Memoir  (1907)  but  was  referred  to  by 
Peach  (Peach  and  Horne  1930,  p.  214)  at  a later  date  and  used  as  supporting  evidence 
for  the  suggested  correlation  of  the  Dolomitic  Group  of  North  Islay  with  the  Durness 
Limestone.  Subsequently,  Anderson  (1950,  p.  15)  has  figured  some  examples  of  cal- 
careous algae  from  Bagh  an  de  Dhoruis,  North  Islay.  During  an  investigation  into  the 
sedimentary  history  of  the  Dolomitic  Group,  the  authors  found  that  stromatolites  are 
particularly  well  developed  in  the  coastal  exposures  near  to  Bonahaven  (text-fig.  \a). 
As  these  algal  structures  have  neither  been  recorded  from  this  locality  before  nor  de- 
scribed in  any  detail,  the  authors  felt  that  an  account  of  these  undisputed  Dalradian 
fossils  would  be  of  interest. 

The  rocks  under  consideration  outcrop  for  about  500  metres  of  coastal  exposures 
south-eastwards  from  Bonahaven  distillery  (text-fig.  \b)\  they  represent  the  division 
termed  the  Dolomitic  Group  of  North  Islay  (Allison  1933)  which  was  included  by 
Bailey  (1916)  in  the  Islay  Quartzite.  The  succession  in  the  Bonahaven  area  dips  steadily 
at  20°  to  40°  north  or  north-east,  occupying  a position  in,  or  near  to,  the  core  of  the 
north-north-easterly  plunging  Islay  Anticline  (text-fig.  la).  The  dolomitic  sequence 
succeeds  the  Lower  Finegrained  Quartzite  of  North  Islay  200  metres  north  of  Con  Tom 
(text-fig.  IZj).  The  junction  is  somewhat  complicated  by  minor  faulting,  but  there  is  a 
sharp  gradation  from  brittle  white  quartzite  through  some  8 metres  of  grey  and  buff 
flaggy  quartzites  into  the  basal  dolomitic  flags.  At  least  250  metres  of  variable,  fine- 
grained dolomitic  limestones,  with  some  shales,  are  exposed  in  this  section ; the  top  of 
the  sequence  is  not  seen.  The  most  frequent  rock  type  is  a dolomitic  porcellanite,  blue 
when  fresh,  but  weathering  to  a creamy  yellow  or  orange;  these  horizons  may  be 
laminated,  flaggy,  or  well  bedded.  Some  clastic  limestones,  associated  with  sandy  dolo- 
mites, are  present. 

Three  outcrops  containing  algal,  stromatolitic  growths  have  been  identified  and  these 
are  labelled  Al,  A2,  and  A3  in  text-fig.  lb;  an  outcrop  containing  rather  more  indefinite 
structures  is  labelled  A4. 

At  localities  Al  and  A2  the  stromatolites  occur  in  distinct  bands;  Al,  for  example,  a 
bed  nearly  2 metres  thick  is  exposed  for  5 metres  across  the  foreshore.  The  weathered 
eastern  face  of  this  outcrop  displayed  excellent  sections  through  algal  masses,  apparently 
in  position  of  growth  (PI.  39).  Individuals  vary  from  1 to  10  cm.  or  more  in  diameter 

[Palaeontology,  Vol.  5,  Part  2,  1962,  pp.  268-71,  pi.  39.] 
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and  have  developed  a semi-dendritic  form  from  a common  substratum  (text-fig.  2a, 
PI.  39);  the  maximum  height  for  any  particular  horizon  at  each  level  is  between  6 and 
25  cm.  The  form  of  the  individual  stromatolites  varies  considerably,  ranging  from  squat, 
bun-shaped  masses  to  tall,  conoidal  columns.  In  general,  the  substratum  is  a fine-grained 
laminated  dolomite,  the  laminations  having  a maximum  thickness  of  about  1 mm. 
There  may  be  fifteen  or  more  laminations  in  1 cm.  Lenticular  shreds  of  coarser,  sandy- 
looking  dolomite  are  interbedded  with  these  laminae.  The  laminations  are  always 


TEXT-FIG.  1.  (a)  Map  of  north  Islaj^  illustrating  the  distribution  of  the  Dolomitic  Group  (in  black)  in 
relation  to  the  axis  of  the  Islay  Anticline,  {b)  Map  of  Bonahaven  showing  localities  of  the  algal  horizons. 


slightly  irregular  in  their  attitude,  so  that  individual  layers  crop  out  as  curving  lines  on 
joint-faces.  There  are  frequent  localized  breaks  in  the  succession  of  laminations,  so 
that  minor  unconformities  are  present  in  the  sequence.  The  individual  stromatolites 
develop  from  the  substratum  as  a series  of  upwardly  curving  humps.  It  is  thus  apparent 
that  these  laminated  dolomites  are  themselves  algal  in  origin.  The  most  common 
stromatolites  are  conoidal  in  outline  and  frequently  the  upper  part  of  these  structures  is 
subdivided  into  two  or  three  further  units  (text-fig.  la,  PI.  39).  In  contrast,  other  in- 
dividuals occur  as  simple  mounds  with  concentrically  developed  lamination  (PI.  39). 
Continued  development  of  these  examples  apparently  resulted  in  the  formation  of 
spheroidal  masses.  Little  internal  structure  of  the  lamination  is  seen  in  thin  section, 
beyond  the  detailed  texture  of  the  dolomite.  The  structure  of  this  stromatolitic  horizon 
is  inconsistent  with  that  typical  of  slumped  or  contorted  bedding.  Where  exposed,  the 
tops  of  the  individual  stromatolites  form  a pattern  of  bun-shaped  masses.  Coarser, 
clastic  dolomite  infills  the  interstices  between  the  individual  stromatolites  and  forms  a 
layer  several  centimetres  thick  burying  the  complete  horizon. 

At  locaUty  A3,  which  is  at  the  western  extremity  of  a cliff  immediately  behind  the 
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distillery  houses,  there  is  an  interesting  section  through  a composite  algal  ‘reef’  or  bio- 
herm  (text-fig.  lb).  The  lamination  of  the  dolomitic  material  within  the  structure  is  in- 
tensely corrugated  on  a small  scale,  the  attitude  of  the  convolutions  being  consistent 
with  the  radial  development  of  individuals  in  a colonial  habit  from  a restricted  focal 


TEXT-FIG.  2.  {a)  Field  drawing  of  algal  horizon  at  locality  Al.  {b)  Algal  bioherm  at  locality  A3. 

area  on  the  substratum.  The  bedding  of  the  overlying  dolomite  overlaps  progressively 
higher  levels  of  the  bioherm.  The  complete  structure  is  not  exposed,  but  may  well  have 
been  several  metres  in  diameter.  Tracing  the  upper  cliff  eastwards  several  examples  of 
stromatolitic  colonies  may  be  observed.  The  axes  of  the  individuals  are  often  inclined 
at  35°  to  50°  to  the  bedding  of  the  dolomite  suggesting  that  they,  also,  originated  as 
parts  of  concentrically  developed  structures  rather  than  vertically  from  the  substratum 
as  at  localities  Al  and  A2. 

The  structures  developed  at  locality  A4  are  uncertain  in  origin;  north-west  to  south- 
east sections  reveal  intense,  small-scale  folding  consistently  overturned  to  the  south-east 


EXPLANATION  OF  PLATE  39 

Fig.  1.  Cross-section  of  small,  bun-shaped  stromatolite,  showing  concentric  lamination,  x 1-2. 

Figs.  2-4.  Sections  through  algal  dolomites  illustrating  the  lamination,  development  of  the  individual 
colonies  and  the  covering  of  coarse,  clastic  dolomite,  xO-8,  x 1,  x 1-2  respectively. 

The  specimens  are  in  the  palaeontological  collections  of  Imperial  College,  London. 
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affecting  the  lamination  of  a 60  cm.  thick  bed  of  fine-grained  dolomitic  mudstone. 
North-east  to  south-west  faces,  however,  show  that  these  structures  close  rapidly  along 
the  strike  of  the  beds  and  individual  sections  approach  an  elliptical  form.  Although 
there  is  no  other  intense  folding  throughout  this  coast-section,  the  attitude  of  these 
structures  is  consistent  with  deformation  within  the  axial  direction  of  the  Islay  Anticline. 
It  is  feasible  that  this  bed  represents  an  algal  horizon  which  has  been  disturbed  during 
sedimentation  and  then  later  deformed. 

We  are  indebted  to  Dr.  F.  W.  Anderson  and  Mr.  G.  F.  Elliott  for  confirming  our  identifications, 
to  Dr.  R.  N.  Sinclair  for  assistance  in  the  field  and  Dr.  Gwyn  Thomas  for  advice  during  the  preparation 
of  the  paper. 


REFERENCES 

ALLISON,  A.  1933.  The  Dalradian  succession  in  Islay  and  Jura.  Quart.  J.  geol.  Soc.  Lond.  89,  125-44. 
ANDERSON,  F.  w.  1950.  Some  reef-building  calcareous  algae  from  the  Carboniferous  rocks  of  northern 
England  and  southern  Scotland.  Proc.  Yorks,  geol.  (polyt.)  Soc.  28,  5-28. 

BAILEY,  E.  B.  1916.  The  Islay  Anticline  (Inner  Hebrides).  Quart.  J.  geol.  Soc.  Lond.  72,  132-59. 
PEACH,  B.  N.,  and  HORNE,  J.  1930.  Chapters  on  the  Geology  of  Scotland.  Oxford. 

WILKINSON,  s.  B.  1907.  The  geology  of  Islay,  including  Oronsay  and  portions  of  Colonsay  and  Jura. 
Mem.  geol.  Surv.  Scotland. 

B.  D.  HACKMAN 
J.  L.  KNILL 

Department  of  Geology, 
Imperial  College, 

Manuscript  received  3 August  1961  London,  S.W.  7 


AMMONOIDEA  FROM  THE  LOWER  D BEDS 
(BERRIASIAN)  OF  THE  SPEETON  CLAY 

by  JOHN  W.  NEALE 


Abstract.  The  subdivision  of  the  Lower  D Beds  is  outlined  and  ammonites  are  shown  to  occur  at  nine  horizons 
in  D6  and  D7.  The  ten  species  of  ammonites  fall  into  four  genera  and  have  links  with  faunas  found  in  Lincoln- 
shire, Russia,  and  Greenland.  Four  existing  species  are  recorded,  three  are  compared  or  have  affinities  with 
existing  species,  and  three  species  are  new.  It  is  shown  that  this  fauna  is  of  Subcraspeditan  (Berriasian)  age  and 
that  the  lowest  ammonites  are  earlier  than  any  yet  recovered  from  the  Spilsby  Sandstone  of  Lincolnshire. 


Hitherto  the  lowest  ammonites  from  the  Speeton  Clay  have  come  from  D4  where  the 
beds  have  yielded  various  species  of  Polyptychites  indicative  of  the  ascendens  subzone 
of  Valanginian  age  (Spath  1924,  p.  81).  Lamplugh  (in  Pavlow  and  Lamplugh  1892, 
p.  15)  notes  that  ‘tres  petites  Ammonites  ne  sont  pas  rares  dans  la  partie  inferieure  de 
la  Zone  (D4,  D5,  D6,  D7),  mais  dies  sont  difficiles  a determiner’  and  goes  on  to  say 
that  Pavlow  considers  that  they  resemble  the  inner  whorls  of  Olcostephanus  subditus  and 
O.  okensis.  Later,  however,  Lamplugh  (1924,  p.  26)  states  that  ‘from  the  lowest  part  of 
D no  ammonites  whatever  have  been  obtained’. 


Recently  arrunonites  have  been  found  at  nine  horizons  in  D6  and  D7  confirming  the 
separation  of  these  beds  from  those  above,  already  made  on  other  grounds  (Neale 
1962).  In  order  to  localize  the  material  accurately  it  has  been  necessary  to  subdivide 
Lamplugh’s  original  divisions.  The  subdivision  of  the  upper  D Beds  has  already  been 
covered  in  a recent  paper  (Neale  1960).  Brief  notes  on  the  subdivision  of  the  Lower  D 
Beds  are  given  below  and  the  positions  of  the  ammonite  horizons  are  shown  in  text- 
fig.  1.  The  subdivisions  are  designated  by  suffixes  added  to  Lamplugh’s  original  divisions 
and,  in  conformity  with  that  author’s  usage,  read  from  the  top  (i.e.  youngest)  bed 


Pale  bluish-buff  mudstone.  This  bed  is  one  of  the  best  ammonite-bearing  beds  in  the 
lower  part  of  the  section  and  the  occurrence  of  two  distinct  horizons  has  led  to  further 
subdivision: 

Thin  bed  at  junction  with  D5. 

Brown,  well-laminated  mudstone  with  pale-green  mottling,  the  mottling  being 
smaller  than  in  the  bed  below.  Tollia  stenomphala  (Pavlow)  and  T.  cf.  tolmatschowi 
Pavlow  occur. 

Strongly  mottled  bed. 

Greenish  or  bluish  fairly  homogeneous  mudstone  with  some  streaks  of  darker 
material  or  large-scale  mottling.  Breaks  with  a blocky  fracture  and  yields  ToUia 
pseudotolli  sp.  nov.  and  large  lamellibranchs. 

Pale  band  of  streaky  mudstone. 

Dark  shale  which  contrasts  markedly  with  the  above. 

Pale-blue  mudstone. 

Dark  mottled  shale. 

Shaly  mudstone  which  is  somewhat  darker  than  the  bed  below. 

Pale-blue  shale  which  breaks  with  a blocky  fracture  and  has  yielded  Paracraspedites 
subtrikwiniamis  (Bogoslowsky). 
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TEXT-FIG.  1.  Speeton  Clay,  Lower  ‘D’  Beds, 
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The  Stone  Band.  This  consists  of  a layer  of  hard,  pale,  limestone  lenticles,  usually 
between  2 and  3 feet  long  and  about  6 inches  thick,  which  are  developed  at  intervals 
and  separate  the  similar  mudstones  above  and  below.  The  band  itself  yields  Para- 
crcispedites  stenoinphaloides  Swinnerton  and  forms  one  of  the  most  important  marker 
bands  in  the  section. 

Pale-blue  mudstones.  Small  ammonites  belonging  to  Subcraspedites  aff.  cristatiis 
Swinnerton  are  fairly  common  in  this  bed. 

Very  soft,  bright-blue  clay  which  develops  a yellow  efflorescence  on  exposure  to  the 
weather.  This  is  one  of  the  best  guides  to  the  interpretation  of  the  lower  beds  and 
forms  another  important  marker  band  in  the  D beds. 

Greenish-black  shaly  mudstone.  Tollia  wrighti,  Paracraspedites  prostenomphahides, 
and  Laiigeites?  sp.  (all  new  species)  occur  here  and  in  the  bed  below. 

Grey-blue  streaky  mudstone  with  Tollia  wrighti  sp.  nov. 

Greenish-black  blocky  shale. 

Very  bright-blue  clay  with  pyrite  nodules  which  have  a marked  greenish  sheen.  The 
clay  is  riddled  with  greenish  burrows  or  worm  tubes  and  forms  a very  distinctive 
horizon  when  this  part  of  the  section  is  well  exposed. 

Greenish-brown  shaly  mudstone.  This  is  the  lowest  stratum  from  which  ammonites 
have  so  far  been  obtained  and  has  yielded  Laiigeites?  sp. 

Blue  clay  with  lighter  mottling. 

Dark-brown  clays  and  mudstones,  somewhat  shaly  and  containing  glauconite. 

Very  hard,  black  shale  which  contains  some  glauconite  and  some  quartz  grains. 

The  Coprolite  Bed.  This  is  fully  described  by  Lamplugh  (1889)  and  is  one  of  the  most 
important  marker  horizons.  It  consists  essentially  of  a mass  of  pyritized  and  phos- 
phatized  material  and  was  worked  in  the  last  century  for  the  phosphate  content. 


The  ammonites  occur  as  flattened  impressions  in  the  mudstones  of  D6  and  D7.  In 
general  they  are  small,  measuring  between  18  and  70  mm.  in  diameter  in  the  case  of  the 
best-preserved  specimens,  and  in  some  cases  retaining  the  original  shell  material.  Larger 
forms  have  been  found  in  the  lower  beds,  one  from  D7B  having  an  estimated  whorl 
height  of  about  55  mm.,  but  these  specimens  are  less  complete  than  the  nuclei  from 
higher  up.  No  perfect  three-dimensional  forms  have  been  found  and  none  of  the 
specimens  show  suture-lines.  Specimens  are  not  common  and  prior  to  the  good  ex- 
posures of  April  1960  intensive  collecting  of  these  11  feet  of  beds  for  some  fourteen  or 
fifteen  days  produced  only  twenty-nine  specimens,  many  of  them  mere  fragments, 
together  with  a number  of  counterparts  from  six  horizons.  The  exposures  in  the  spring 
of  1960  provided  some  better  specimens  as  well  as  three  new  ammonite  horizons.  No 
ammonites  have  so  far  been  found  in  D5  or  D8  and  the  very  nature  of  these  beds 
renders  their  occurrence  here  unlikely.  The  Lingula  Bed  (D5)  appears  to  have  formed 
under  shallow,  rather  stagnant  water  conditions  and  contains  little  besides  this  in- 
articulate brachiopod.  At  most  an  occasional  pyritized  drifted  ammonite  might  be 
expected.  The  lowest  bed  (D8)  consists  of  1 foot  of  hard,  gritty  glauconitic  shale  and 
represents  the  first  deposit  of  the  Cretaceous  sea  overlying  the  Coprolite  Bed  (E). 
Sedimentation  was  slow,  as  is  evidenced  by  the  presence  of  glauconite  and  the  relative 
abundance  of  quartz  compared  with  the  higher  beds,  and  suggests  shallow  water  affected 
by  current  action. 

SYSTEMATIC  DESCRIPTIONS 


Family  perisphinctidae  Steinmann  1890 
Genus  laugeites  Spath  1936 

Type  species.  Laugeites  groenlandica  (Spath). 
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Discussion.  Originally  designated  Kochina  (preoccupied)  this  genus  was  introduced  for 
a fine  ribbed,  fairly  evolute  form  from  the  Lingula  Bed  some  70  metres  above  the  base 
of  the  Hartzfjaeld  Sandstone  north  of  Cape  Leslie  in  Greenland.  Spath  considered  it  to 
be  a derivative  of  Dorsoplanites  and  a forerunner  of  Kachpurites  and  Subcraspedites. 
The  development  of  the  ribbing,  however,  suggests  closer  affinities  with  Paracraspedites 
from  which  it  differs  mainly  in  the  somewhat  finer  ribbing  which  swings  forward  grace- 
fully towards  the  venter,  the  proportionately  wider  whorl  section  and  somewhat  wider 
umbilicus.  The  present  genus  becomes  smooth  in  the  adult.  The  specimens  tentatively 
assigned  to  this  genus  represent  the  lowest  forms  obtained  from  the  Speeton  Clay  and 
these  differ  in  certain  respects  from  the  type  species  as  indicated  below.  The  age  of  the 
genus  has  been  the  basis  of  an  interesting  discussion  by  Spath  (1936,  p.  164;  1946,  p.  4; 
1947,  p.  58;  1952,  pp.  6,  17  et  seq.)  and  Maync  (1947,  p.  29;  1949,  pp.  228-9)  and  is 
examined  after  the  systematic  descriptions. 

Lange ites?  sp. 

Plate  40,  fig.  3;  Plate  41,  figs.  2,  3;  Plate  42,  figs.  8,  9 

Material.  One  large  pyritized  internal  mould  of  part  of  a large  whorl  and  the  previous  whorl  (HU.8942), 
two  flattened  specimens  and  their  counterparts  (HU.8941a,  b;  S.1888a-d),  three  fragmentary  external 
moulds  (HU.8948,  HU.8949). 

Horizons.  Speeton  Clay,  D7A,  D7B,  D7E. 

Description.  An  evolute  form  in  which  the  ribs  usually  show  regular  bifurcation  and 
swing  forward  as  they  approach  the  venter.  Umbilicus  fairly  wide  (40  per  cent,  of 
diameter).  The  most  complete  specimen  shows  that  the  final  diameter  cannot  have  been 
less  than  120  mm.,  whilst  the  largest  specimen  from  D7B  (HU.8942)  has  a whorl  height 
of  approximately  55  mm.  (making  due  allowance  for  flattening)  and  must  have  reached 
a diameter  of  at  least  160  mm.  In  this  latter  specimen  the  dorsum  on  the  last  whorl  is 
impressed  to  a depth  equal  to  about  one-third  of  the  whorl  height.  The  specimen  from 
D7A  (HU. 8941a,  b)  shows  constrictions  on  the  first  formed  whorl  (Plate  41,  fig.  2) 
which  is  interesting  in  view  of  Spath’s  remarks  (1936,  p.  82)  on  L.  groenlandica  that  there 
are  ‘one  or  two  constrictions  visible  in  [the]  umbilicus’. 

Remarks.  The  material  is  fragmentary  and  poorly  preserved  so  that  its  assignment  to 
this  genus  is  questionable.  It  does,  however,  agree  exactly  in  evolution  with  the  most 
complete  specimen  of  Laugeites  groenlandica  figured  by  Spath  (1936,  pi.  38,  fig.  1)  and 
the  ribbing  agrees  closely  with  L.  groenlandica  in  nature  and  swing  of  the  secondary 
ribs  but  differs  in  density,  the  ribs  being  much  more  widely  spaced  on  the  inner  whorls. 
Laugeites?  sp.  might  well  be  placed  in  Paracraspedites  but  for  the  fineness  of  the  ribbing, 
the  swing  on  approaching  the  venter  (which  is  not  wholly  due  to  the  preservation),  and 
the  width  of  the  umbilicus.  The  various  measurements  of  the  species  mentioned,  together 
with  those  of  Paraeraspedites  aff.  stenoniphaloides  Swinnerton  and  P.  bifurcatus  Swinn., 
are  tabulated  below  for  comparison. 

There  is  an  approach  to  Paracraspedites  bifureatus  in  many  respects,  particularly  in  the 
width  of  the  umbilicus  and  in  the  nature  of  the  rib  bifurcation,  and  the  lower  part  of 
Swinnerton’s  specimen  does  show  the  secondary  ribs  swinging  forward  distinctly  at  the 
ventro-lateral  margin,  presumably  due  to  crushing.  In  the  Speeton  material,  however. 
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the  ribs  swing  forward  much  more  markedly,  even  if  allowance  is  made  for  compression, 
and  the  rib  density  (see  below)  is  very  different  in  the  early  whorls.  Nevertheless,  the 
close  affinities  between  the  two  species  should  be  stressed. 


Measurements  in  mm. 

Diameter 

Height  of 
last  whorl 

Thickness 

Width  of 
umbilicus 

/o 

/o 

0/ 

/o 

Laiigeites?  sp.  ......  . 

85 

34 

— 

40 

L.  groenlandica  (Spath)  ..... 

175 

33 

29 

42 

P.  bifiircatiis  Swinnerton  ..... 

72 

33 

28 

43 

P.  stenomphaloides  Swinnerton  .... 

89 

37 

27+ 

34 

P.  aff.  stenomphaloides  Swinnerton 

74 

38 

26+ 

28 

Rib  density 


Diameter  subtended  (in  mm.) 

6-5 

8 

11-5 

13 

15 

21 

31 

Laiigeites?  sp.  .... 

■ — ■ 

— 

10 

12 

15 

15 

17 

L.  groenlandica  (Spath) 

— 

• — ■ 

18 

■ — . 

c.  20 

c.  23 

c.  18-19 

Paracraspedites  aff.  stenomphaloides  . 

12 

12 

— 

12 

— 

16 

— 

P.  bifurcatus  Swinnerton  . 

— 

— 

22 

— 

18 

— 

17 

Family  craspeditidae  Spath  1924 

For  generic  distinctions  in  the  Craspeditidae  good  three-dimensional  forms  are 
generally  necessary  so  that  the  nature  of  the  adult  body  whorl,  and  preferably  also  the 
form  of  the  suture,  can  be  seen.  The  compressed  nature  of  the  Speeton  specimens  thus 
makes  the  assignment  of  some  of  the  material  to  genera  dubious  although  the  general 
relationships  are  easily  ascertainable.  The  genera  and  subgenera  of  immediate  concern 
are  Subcraspedites  Spath  1924,  Paracraspedites  Swinnerton  1935,  and  the  members  of 
the  subfamily  Tolliinae  Spath  1952.  The  distinction  between  Paracraspedites  on  the  one 
hand,  and  Subcraspedites  and  the  Tolliinae  on  the  other  is  easily  made  on  the  early 
whorls  which  have  strong  well-spaced  primary  ribs  in  the  former,  while  the  latter  show 
fine  close  ribbing  in  the  early  whorls.  There  is  also  a difference  to  be  seen  in  the  body 
whorl,  the  rib  strength  being  maintained  in  Paracraspedites,  while  in  Subcraspedites  the 
primary  ribs  become  accentuated  but  the  ribbing  on  the  outer  part  of  the  whorl  fades. 
In  ToUia  the  body  chamber  becomes  smooth  and  the  ribbing  completely  disappears  in 
the  last-formed  part  of  the  shell. 

The  Tolliinae  includes  the  genera  ToUia  Pavlow  1914,  Praetollia  Spath  1952,  Hectoro- 
ceras  Spath  1947,  and  Homalsomites  Crickmay  1930.  Imlay  (1956,  1960)  has  recently 
resurrected  Crickmay’s  genus  for  a group  of  American  forms  which  appear  to  be  of 


EXPLANATION  OF  PLATE  40 

All  figures  natural  size. 

Figs.  1,  2.  Paracraspedites  stenomphaloides  Swinnerton.  1,  Latex  cast  of  S.1541.  Speeton  Clay,  D6H. 

2,  Latex  cast  of  HU.9050.  Speeton  Clay,  D6G. 

Fig.  3.  Laiigeites?  sp.  Latex  cast  of  S.1542.  Speeton  Clay,  DVB. 

Fig.  4.  Tollia  wrighti  sp.  nov.  Holotype.  S.  1884b.  Speeton  Clay,  DVB. 

Fig.  5.  Tollia  cf.  payeri  (Toula).  Latex  cast  of  HU  9051.  Speeton  Clay,  D6F. 

Fig.  6.  ToUia  pseudotolli  sp.  nov.  Paratype.  Latex  cast  of  S. 1885a.  Speeton  Clay,  D6AS. 
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middle  or  late  Valanginian  age  and  occur  in  association  with  species  of  Sarasinella  and 
Polyptychites.  The  main  differences  from  Tollia,  to  which  it  is  closely  related,  lie  in  the 
longer,  stronger  primary  ribs  to  which  the  secondary  ribs  are  more  commonly  joined 
than  in  ToUia,  its  generally  smaller  size  and  failure  to  become  smooth  in  the  adult. 
Neither  this  genus  nor  the  easily  distinguished  Hectoroceras  and  Praetollia  have  been 
found  at  Speeton.  The  problem  of  distinguishing  ToUia  and  Subcraspedites  is  outlined 
after  the  descriptions  of  species  of  Paracraspedites. 

Subfamily  craspeditinae  Spath  1925 
Genus  craspedites  Pavlow  1892 
Subgenus  paracraspedites  Swinnerton  1935 

Large  specimens  from  the  uppermost  part  of  D7  and  D6  show  strong  ribbing  in  which 
the  strength  of  the  secondary  ribs  is  maintained  and  the  primary  ribs  are  not  unduly 
accentuated.  Where  preserved  the  primaries  of  the  inner  whorls  appear  to  be  well  spaced 
and  these  specimens  are  here  referred  to  Paracraspedites. 

Paracraspedites  prostenoinphaloides  sp.  nov. 

Plate  43,  fig.  3 

Derivation  of  name.  A reference  to  the  fact  that  this  precedes  P.  stenomphaloides  Swinnerton, 
Holotype.  One  external  mould,  HU.9049. 

Horizon  of  holotype.  Speeton  Clay  D7A?  This  specimen  was  obtained  by  Mr.  Doyle  from  what  was 
originally  thought  to  be  a loose  block,  so  that  some  uncertainty  existed  regarding  its  horizon.  A later 
visit  to  the  section  suggested  that  this  was  in  fact  from  D7  in  situ  and  from  the  lithology,  rusty  weather- 
ing blue-grey  shales,  there  is  little  doubt  that  this  is  from  D7A. 

Diagnosis.  A species  of  Paracraspedites  with  the  ribs  on  the  later  whorls  (estimated 
whorl  height  38  mm.)  usually  bidichotomous,  the  posterior  branch  springing  from  the 
mid-rib  nearer  the  venter  than  anterior  branch.  On  occasions  the  ribs  bifurcate  not 
trifurcate.  The  costae  are  markedly  crescentic  in  which  respect  this  species  resembles 
Laugeites  more  than  Paracraspedites.  The  specimen  appears  to  be  somewhat  crushed  so 
that  it  is  difficult  to  estimate  the  umbilical  width.  As  far  as  it  is  possible  to  ascertain  there 
are  about  thirteen  ribs  subtending  a diameter  of  approximately  40  mm. 

Remarks  and  affinities.  This  species  is  clearly  closely  related  to  Laugeites?  sp.  on  the  one 
hand  and  P.  stenomphaloides  on  the  other.  From  the  former  it  differs  in  the  more 
crescentic  ribbing  and  much  coarser  development  of  secondaries,  the  primary  ribs 
generally  splitting  into  three  and  not  two.  From  P.  stenomphaloides  it  differs  in  the 
denser,  finer,  more  crescentic  ribbing.  Neverthless,  the  latter  is  very  closely  related  and 
is  probably  a derivative  of  this  species.  P.  stenomphaloides  occurs  higher  in  the  section 
in  D6H  and  D6G.  It  is  of  interest  that  another  part  of  the  slab  of  shaly  mudstone  con- 
taining this  specimen  (Plate  43,  fig.  2)  also  shows  the  presence  of  two  complete,  com- 
pressed Tollia  wrighti  sp.  nov.,  two  fragments  of  the  present  species,  a piece  of  fossil 
wood,  and  a Lingula. 

Paracraspedites  stenomphaloides  Swinnerton  1935 
Plate  40,  figs.  1,2;  Plate  45,  figs.  7,  8 

1935  Paracraspedites  stenomphaloides  Swinnerton,  p.  38,  pi.  iv,  figs  la,  b. 

T 
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Material.  Four  fragmentary  specimens,  S.1541,  HU.9050,  S.  1545 A,  S.  1546a,  b (probably  belonging  to 
the  same  specimen  as  S.1545A). 

Horizons.  Speeton  Clay,  D6H,  D6G. 

Remarks.  The  two  most  complete  specimens  (Plate  40,  figs.  1,  2)  agree  well  with  Swinner- 
ton’s  figures  and  description  of  his  type  specimen.  The  rib  density  is  the  same  and  the 
ribs  show  the  same  curvature  at  similar  whorl  height.  As  with  other  species,  the  Speeton 
specimens  appear  to  reach  larger  proportions  than  the  Lincolnshire  material.  The  best- 
preserved  Speeton  specimen  (Plate  40,  fig.  1)  occurs  as  an  impression  on  the  underside 
of  an  Exogyra.  This  species  is  fairly  common  at  Speeton  where  it  reaches  a large  size — 
well  over  170  mm.  in  diameter,  and  the  author  has  seen  specimens  as  much  as  a foot 
across.  Unfortunately  the  blocky  blue  mudstones  crumble  as  soon  as  any  attempt  at 
extraction  is  made  and  it  has  so  far  proved  impossible  to  cast  the  impressions  in  situ. 

Paracraspedites  subtzikwinianus  (Bogoslowsky  1902) 

Plate  41,  figs.  \a,  b,  c 

1902  Olcostephamis  subtzikwinianus  Bogoslowsky,  pp.  25,  125,  pi.  v,  figs.  2a,  b;  pi.  vi,  figs.  \a,  b. 

Material.  Two  parts  of  a flattened  shell.  The  larger  part  has  a whorl  height  of  about  22  mm.  (allowing 
for  crushing).  The  smaller  fragment  shows  the  ribbing  at  the  umbilical  edge  at  a smaller  diameter. 
HU.8940a,  b. 

Horizon.  Speeton  Clay,  D6G. 

Remarks.  This  single  specimen  has  the  actual  shell  preserved  and  both  sides  of  the 
specimen  are  seen  (Plate  41,  figs.  \a,  b).  The  shell  material  is  brownish  and  the  rib 
pattern  corresponds  with  that  of  Bogoslowsky’s  species.  The  ribs  swing  gently  forward 
at  the  umbilical  margin  in  both  the  Russian  and  Speeton  forms  at  comparable  whorl 
heights. 

Bogoslowsky’s  specimens  came  from  the  Rjasan  Horizon  of  Tzykwino  and  Swinner- 
ton  (1935,  p.  39)  has  noted  the  resemblance  of  some  of  the  smaller  forms  of  P.  aff. 
stenomphaloides  from  Bed  C of  the  Spilsby  Sandstone  to  this  species. 

Paracraspedites?  sp. 

Plate  45,  figs.  5,  6 

These  two  fragments  (S.1886,  S.  1544a)  are  too  small  to  do  more  than  questionably 


EXPLANATION  OF  PLATE  41 

All  figures  natural  size. 

Fig.  1.  Paracraspedites  subtzikwinianus  (Bogoslowsky).  Speeton  Clay,  D6G.  a,  b,  HU.8940a.  Specimen 
flattened  but  preserving  original  shell,  seen  from  left  and  right  sides,  c,  HU. 8940b.  Part  of  earlier 
whorl  of  the  same  specimen  seen  from  the  left  side  and  showing  the  relatively  coarse  ribbing  at  the 
umbilical  edge. 

Figs.  2,  3.  Laugeites?  sp.  Whitened  with  MgO.  2,  HU.8941a.  Internal  and  part  of  external  mould 
showing  the  constrictions  on  the  first  whorl.  Speeton  Clay,  D7A.  3,  HU. 8942.  Heavily  pyritized 
internal  mould;  Speeton  Clay,  D7B. 

Fig.  4.  Subcraspedites  aff.  cristatus  Swinnerton.  HU.8409.  Part  internal,  part  external  mould.  Speeton 
Clay,  D6I. 

Fig.  5.  Tollia  pseudotoUi  sp.  nov.  HU.8943a.  Speeton  Clay,  D6A8.  Paratype. 
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include  them  in  the  present  genus.  Both  were  obtained  from  D6H  which  also  yields 
P.  stenomphaloides  and  S.  aff.  preplicomphalus. 

The  Genera  Subcraspedites  and  Tollia 

Pavlow  created  the  genus  Tollia  (type  species  T.  tolli)  in  1914  for  a group  of  forms 
from  the  Lower  Cretaceous  of  northern  Siberia  in  which  the  body  whorl  became  smooth 
and  the  suture  contained  long  saddles,  a high  external  lobe  and  many  graded  auxiliary 
elements  in  the  suspensive  lobe. 

The  genus  Subcraspedites  (based  on  Amm.  pUcomphalus  J.  Sow.)  was  introduced  by 
Spath  ten  years  later  for  forms  in  which  the  primary  ribs  are  strongly  accentuated  in  the 
body  whorl  while  the  secondary  ribs  fade  so  that  the  ventral  part  of  the  flanks  becomes 
smooth.  Two  specimens  of  Ammonites  pUcomphalus  were  figured  in  volume  IV  of 
Sowerby’s  Mineral  Conchology : Ammonites  pUcomphalus  J.  Sowerby  1822,  p.  82,  pi.  359, 
and  A.  pUcomphalus  J.  de  C.  Sowerby  1823,  p.  145,  pi.  404,  both  from  the  Spilsby  Sand- 
stone of  Lincolnshire.  Originally  these  were  thought  to  be  two  parts  of  the  same  specimen, 
but  Spath  has  re-examined  the  evidence  and  concludes  that  they  are  not  only  different 
specimens  but  also  different  species.  A.  pUcomphalus  J.  de  C.  Sowerby  has  now  been 
designated  Subcraspedites  sowerbyi  Spath  (1952,  p.  18).  This  latter  is  more  finely  ribbed 
than  the  true  S.  pUcomphalus  in  which  Spath  notes  that  the  inner  whorls  are  ‘ bluntly 
tuberculate  at  the  umbilical  edge  as  they  are  in  the  adult’.  Both  these  forms  occur  in  the 
upper  beds  of  the  Spilsby  Sandstone,  a fact  of  some  importance  which  is  discussed  later. 
The  suture-line  of  the  type  species  has  never  been  figured,  although  the  suture-lines  of 
a number  of  species  which  have  been  referred  to  this  genus  have  been  figured  by 
Swinnerton  (1935),  Spath  (1952),  and  others.  Two  are  figured  here  (text-fig.  2)  and 
reference  should  also  be  made  to  Swinnerton  (1935,  pi.  ii).  The  main  difference  between 
Subcraspedites  and  Tollia  in  this  respect  lies  in  the  suspensive  lobe  where  a large  number 
of  auxiliaries  occurs  in  the  latter.  Spath  (1947,  p.  28)  suggested  that  S.  primitivus 
Swinnerton  was  probably  a Tollia  and  this  suggestion  must  certainly  be  upheld  on  the 
grounds  of  suture  and  fading  of  the  ribbing  on  the  body  whorl.  The  suture  of  "Sub- 
craspedites stenomphalus  (Pavlow)’  figured  in  text-fig.  2 is  of  Tb///a-like  aspect  and  it  is 
perhaps  significant  in  this  respect  that  Spath  (1947,  p.  62)  refers  to  the  zone  of  "Tollia 
stenomphala\  Reference  to  Pavlow’s  original  description  (1889,  p.  117)  confirms  that 
they  should  be  referred  to  Tollia. 

From  Lincolnshire,  Greenland,  and  Russia  a considerable  number  of  species  has 
been  described  and  variously  referred  to  Subcraspedites  and  Tollia.  Many  of  these  have 
been  poorly  preserved  and  even  more  poorly  illustrated,  and  their  interpretation  raises 
considerable  difficulties  from  a taxonomic  point  of  view.  Where  the  final  whorl  and/or 
suture  can  be  seen  the  problem  is  relatively  simple.  Where,  as  in  many  cases,  only  the 
earlier  whorls  or  part  of  the  earlier  whorl(s)  are  present  their  true  assignation  is  a matter 
of  difficulty  or  sometimes  impossible  at  the  generic  level.  A study  of  all  the  available 
material  and  illustrations  suggests  that  distinction  between  the  two  genera  based  on  the 
nature  of  the  early  rib  pattern  may  be  practicable  in  some  cases. 

The  species  of  Tollia  all  appear  to  show  a very  fine  hair-thin  termination  of  the  primary 
ribs  which  ‘kick-forward’  characteristically  as  they  run  in  to  the  umbilical  edge,  whereas 
the  ribs  in  Subcraspedites  are  generally  somewhat  stronger  and  more  prorsiradiate.  The 
distinction,  however,  is  not  always  easy  or  clear  cut  but  in  certain  cases  it  provides  a 
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convenient  means  of  differentiating  between  the  two  genera  and  is  exemplified  by 
Plate  40,  fig.  4 and  Plate  44,  fig.  8 which  are  ToIIia  and  Plate  45,  fig.  4 which  is  a typical 
Subcraspediles.  The  forms  figured  as  Plate  42,  fig.  3,  and  Plate  44,  figs.  2,  5,  7,  amongst 
others  are  classified  as  Subcraspediles.  In  ToUia  the  ribbing  on  the  intermediate  whorls 
appears  to  be  finer  than  that  in  the  typical  Subcraspedites. 

The  majority  of  the  Speeton  specimens  belong  to  ToUia  and  this  has  been  confirmed 
in  the  case  of  D6A  by  the  presence  of  adults  showing  the  smooth  body  chamber.  The 
greatest  difficulty  occurs  in  connexion  with  the  small  forms  obtained  from  D6I. 

Subcraspedites  preplicomphaJus  Swinnerton  1935 

Plate  42,  fig.  5 b 

1935  Subcraspedites preplicomphahis  Swinnerton,  pp.  36-37,  pi.  iii,  figs  la,  b,  2a,  b. 

Material.  Two  specimens.  S.  1547a,  b.  HU. 9047. 

Horizons.  Speeton  Clay,  D6A8,  D6G-H. 

Remarks.  These  two  specimens  are  large  and  consist  of  fragments  of  ammonites  which 
had  a whorl  height  of  not  less  than  60  and  50  mm . respeetively.  They  cannot  have  reached 
a final  diameter  of  much  less  than  twice  the  size  of  Swinnerton’s  largest  specimen. 
Nevertheless,  they  agree  in  the  density  of  the  ribbing,  and  particularly  in  the  rib  pattern 
in  which,  as  Swinnerton  says,  the  primary  ribs  ‘flatten  out  and  merge  into  groups  of 
three  peripheral  ribs  without  intermediaries’  (1935,  p.  37).  Swinnerton’s  material  came 
from  tip  heaps  made  from  the  bottom  6 feet  of  the  Spilsby  Sandstone  of  Partney, 
Lincolnshire,  with  the  addition  of  one  specimen  from  Bed  C of  the  Spilsby  Sandstone 
in  the  Fordington  boring. 

Subcraspediles  aflf.  preplicomphaJus  Swinnerton 
Plate  42,  fig.  4 

AfF.  1952  Subcraspedites  preplicomphalus  Swinnerton,  Spath,  p.  17,  pi.  iv,  fig.  1. 

Material.  One  fragment.  S.  1543a,  b. 

Horizon.  Speeton  Clay,  D6H. 

Remarks.  The  Speeton  fragment  agrees  well  with  Spath’s  figure  and  this  author  notes 
that  the  Greenland  specimen  is  identical  with  some  of  the  Spilsby  Sandstone  ammonites 
whieh  he  would  include  in  S.  preplicomphalus,  and  comments  on  the  poor  preservation 
of  Swinnerton’s  holotype.  This  differs  from  Swinnerton’s  description  and  figures  of 
S.  preplicomphalus  in  having  four  secondary  ribs  to  each  primary  instead  of  three.  On 
these  grounds,  when  well-preserved  material  becomes  available,  it  may  later  be  advan- 
tageous to  make  this  a separate  species  or  sub-species. 


TEXT-FIG.  2.  Rib  projection  and  suture,  a-c.  Rib  projection  on  the  body  whorls  of  certain  genera; 
diagrammatic,  partly  after  Swinnerton.  a,  Paracraspedites.  b,  Subcraspedites.  c,  ToUia.  d-k.  Sutures. 
d,  T.  stenomphala  (Pavlow),  Pavlow  1889,  pi.  3,  fig.  10c.  e,  S.  laniplughi  Spath,  X 2,  Spath  1947, 
fig.  6e.f-g,  T.  tolli  Pavlow,  1914,  pi.  12. fig.  2c.  g,  fig.  \a.  h,  P.  spasskensis  (Nikitin),  Nikitin  1888, 
pi.  1,  fig.  11.  /,  T.  primitivus  (Swinnerton),  Spath  1947,  fig.  6d.j,  P.  stenomphaloides  Swinnerton  1935, 
pi.  4,  fig.  \b.  k,  T.  latelobata  Pavlow,  Spath  1947,  fig.  lb. 
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Subcraspedites  sp. 

Plate  42,  fig.  5a 

This  individual  (HU. 9046)  from  D6AS  is  a fragment  of  a large  whorl  of  height  about 
30  mm.  (allowing  for  compression)  and  lies  on  the  reverse  side  of  HU. 9047  figured  here 
as  Plate  42,  fig.  5b.  The  two  figured  examples  belong  to  different  individuals  as  can  be 
ascertained  by  examining  the  thickness  of  the  specimen.  The  other  individual  belongs  to 
S.  preplicomphalus  but  the  present  example  shows  a number  of  distinct  differences.  The 
ribbing  is  markedly  crescentic  and  appears  to  bifurcate  rather  than  trifurcate.  The 
primary  ribs  are  close  together  and  there  is  nothing  comparable  figured  in  the  literature. 
It  is  possible  that  this  is  a variety  of  S.  preplicomphalus  that  has  been  affected  by  crush- 
ing in  such  a way  as  to  give  marked  crescentic  and  apparently  denser  ribbing.  In  this 
case  the  bifurcation  would  need  to  be  explained  away  by  some  means  such  as  modifica- 
tion on  the  adult  whorl  or  gerontism.  In  view  of  the  even  larger  form  on  the  opposite 
side  this  seems  unlikely  and  the  nomenclature  is  here  left  open. 

Subcraspedites  aff.  cristatus  Swinnerton 
Plate  42,  fig.  3;  Plate  44,  figs.  2,  5,  8,  9,  12,  13;  text -fig.  3 
Aff.  1935  Subcraspedites  cristatus  Swinnerton,  pp.  33-34,  pi.  iii,  figs.  4a-c,  5. 

Material.  Six  specimens  and  some  counterparts.  HU.8409,  HU. 8410,  HU.8414,  HU. 8415a,  b, 
HU. 8417a,  b,  HU.9045. 

Horizon.  Speeton  Clay,  D6I. 

Remarks.  These  nuclei  show  a very  characteristic  ornament  and  the  rib  development 
shows  obvious  affinities  with  Swinnerton’s  Lincolnshire  Subcraspeditids  so  that  they 
may  be  placed  in  this  genus  (and  not  Tollia)  with  some  degree  of  confidence.  No  nuclei 
of  this  size  have  been  figured  so  that  one  must  rely  on  descriptions  for  comparisons. 
The  most  striking  feature  is  the  development  of  well-spaced  primaries  at  an  early  stage, 
a feature  only  paralleled  in  S.  cristatus  Swinnerton.  The  latter  species  shows  seven  ribs 
per  half  whorl  at  an  umbilical  diameter  of  24  mm.,  while  the  present  material  shows 
eight  ribs  at  an  umbilical  diameter  of  9|  mm.,  and  nine  at  a diameter  of  28  mm.  For 
this  reason  the  Speeton  nuclei  are  considered  to  have  some  affinities  with  the  Lincoln- 
shire species. 

The  development  of  the  rib  pattern  may  be  traced  from  the  protoconch  and  occurs 
in  four  stages  which  are  detailed  below.  The  diameters  given  must  be  regarded  as 
approximate. 


EXPLANATION  OF  PLATE  42 

All  figures  natural  size. 

Figs.  1,  2,  7.  Tollia  stenomphala  (Pavlow).  1,  HU.9048.  2,  HU.9042.  Two  specimens.  7,  HU.9043. 
All,  Speeton  Clay,  D6Aj3. 

Fig.  3.  Subcraspedites  aff.  cristatus  Swinnerton.  HU.9045;  Speeton  Clay,  D6I. 

Fig.  4.  Tollia  cf.  tolmatschowi  Pavlow.  HU. 9044;  Speeton  Clay,  D6A^. 

Fig.  5a.  Subcraspedites  sp.  HU. 9046;  Speeton  Clay,  D6A. 

Fig.  5b.  Subcraspedites  preplicomphalus  Swinnerton.  HU. 9047,  Ammonite  on  the  reverse  side  of  the 
above  specimen ; Speeton  Clay,  D6A. 

Fig.  6.  Tollia  sp.  HU. 9041b;  Speeton  Clay,  D6Aj8. 

Figs.  8,  9.  Laugeites?  sp.  8,  Latex  cast  of  HU. 8949.  9,  Latex  cast  of  HU. 8948.  Both,  Speeton  Clay,  D7E. 
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Stage  1.  Up  to  a diameter  of  1 1 mm.  the  shell  is  smooth  (Plate  44,  figs.  9,  13). 

Stage  2.  From  a diameter  of  11  to  12J  mm.  the  ribs  are  convex  rectiradiate.  In  some 
specimens  there  is  a tendency  for  some  ribs  to  show  strengthening  near  the 
umbilicus  (Plate  44,  figs.  9,  13). 

Stage  3.  From  a diameter  of  12|  to  16  mm.  the  ribs  are  equally  developed  and  there  is 
little  or  no  differentiation  into  primaries  and  intercalatories.  The  ribs  spring 
from  the  umbilicus  and  are  delicately  biconvex,  changing  to  biconcave  as  the 
next  stage  develops  (Plate  44,  figs.  5,  13). 


HU.  840S 


TEXT-FIG.  3.  Development  of  rib  pattern  in  Subcraspedites  aff.  cristatiis  from  Speeton  Clay,  D6I. 

Stage  4.  From  this  stage  onwards  every  fourth  rib  becomes  accentuated  and  as  size 
increases  the  primaries  become  more  and  more  prorsiradiate.  These  tend  to 
bifurcate  and  form  two  secondary  ribs  with  which  are  associated  two  inter- 
calatory  ribs.  For  a time  the  intercalatory  ribs  run  right  in  to  the  umbilicus 
but  gradually  they  become  more  closely  associated  with  the  primaries.  The 
best  specimen  (HU. 8409)  consists  of  an  internal  mould  retaining  the  actual 
shell  and  occupying  about  half  the  height  of  the  last  preserved  whorl,  while 
outside  this  the  shell  has  spalled  off  and  the  secondary  and  intercalatory  ribs 
are  seen  on  the  external  mould.  The  growth-lines  are  very  well  displayed  on 
the  internal  mould  and  run  parallel  to  the  primary  ribs.  At  a diameter  of  28  mm. 
there  are  nine  primaries  per  half  whorl. 

Line  drawings  of  specimens  showing  the  characteristic  development  are 
given  here  as  text-fig.  3. 

Subfamily  tolliinae  Spath  1952 

This  subfamily  contains  compressed,  involute  craspeditids  with  fine,  regular,  well- 
differentiated  ribbing. 

Genus  tollia  Pavlow  1914 
Type  species.  Tollia  tolli  Pavlow  1914. 
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Original  diagnosis.  ‘By  this  name,  bringing  to  mind  the  journeys  of  a traveller,  lost  with- 
out trace  in  the  icy  wastes  of  Asiatic  Siberia,  I propose  to  call  an  interesting  group  of 
Olcostephanidae,  close  to  Sinibirskites  and  distinguishing  themselves  by  the  absence  of 
clearly  expressed  tubercles  at  the  place  of  splitting  of  the  umbilical  ribs,  distinctly 
expressed  pulling  away  [?  evolution]  and  suture  line  with  a greater  number  of  auxiliary 
saddles  than  in  Simbirskites  (on  the  second)  and  coming  forward  graded  from  the 
siphonal  margin  up  to  the  first  auxiliary  saddle. 

‘The  forms  being  dealt  with  here,  reveal  a considerable  resemblance  to  Simbirskites 
of  the  group  Discofalcati  and  apparently  are  genetically  related  to  them.  Simbirskites 
Payeri  with  very  feebly  expressed  tubercles  and  with  involution  on  the  inner  whorls 
represents  forms  standing  close  to  the  boundary  of  both  genera. 

‘Representatives  of  the  genus  ToUia  are  extraordinarily  numerous  in  the  Lower 
Neocomian  deposits  of  European  Russia  and  the  zone  of  Olcostephanus  stenomphalus. 
They  are  described  by  me  in  one  other  work.  The  presence  of  this  genus  in  northern 
Siberia  may  be  considered  to  indicate  the  existence  there  of  lower  zones  of  the  Neo- 
comian than  the  zone  of  Polyptychites  Keyseriingi.'  (Pavlow  1914,  p.  38;  translated  from 
the  Russian.) 

ToUia  ^vrighti  sp.  nov. 

Plate  40,  fig.  4;  Plate  43,  fig.  2;  Plate  44,  fig.  8;  Plate  45,  fig.  3 

? 1897  Olcostephanus  bidevexa  Bogoslowsky,  pi.  iii,  fig.  2a  only.  Non,  figs.  1,  3. 

Holotype.  Specimen  and  counterpart,  S.  1884a,  b. 

Paratype.  Specimen  and  counterpart,  S.  1893a,  b. 

Horizon  of  holotype  and  paratype.  Speeton  Clay,  D7B. 

Other  material.  Two  specimens  (HU.9049b)  from  D7A?,  and  one  example  (HU.8412)  from  D6I. 
Derivation  of  name.  In  honour  of  Mr.  C.  W.  Wright  for  his  contributions  to  our  knowledge  of  British 
Cretaceous  palaeontology. 

Diagnosis.  A species  of  ToUia  in  which  the  number  of  secondary  costae  is  reduced  from 
5-7  per  primary  rib  in  the  young  stage  to  about  per  primary  rib  before  the  ribbing 
finally  fades. 

Description.  The  material  available  enables  an  almost  complete  picture  of  this  species 
to  be  obtained.  The  ribbing  is  fine  and  sharp  with  the  characteristic  swing  forward  of 
the  primary  ribs  at  the  umbilical  edge.  At  a whorl  height  of  approximately  15  mm.  there 
are  from  five  to  seven  secondary  ribs  to  each  primary,  the  number  steadily  reducing 
until  at  a whorl  height  of  about  18^  nun.  there  are  about  four  per  primary,  and  at  a 
height  of  approximately  27  mm.  2h  to  each  main  rib.  In  the  intermediate  stage  the 
secondary  ribs  give  the  impression  of  being  associated  with  the  primary  rib  anterior  to 


EXPLANATION  OF  PLATE  43 

All  figures  natural  size. 

Fig.  1.  Tollia  pseudo tolli  sp.  nov.  Paratype.  Latex  cast  of  S.1890;  Speeton  Clay,  D6AS. 

Fig.  2.  Tollia  wrighti  sp.  nov.  Two  specimens  in  association  with  a piece  of  fossil  wood,  HU.9049b; 
Speeton  Clay,  D7A?. 

Fig.  3.  Paracraspedites  prostenomphaloides  sp.  nov.  Holotype.  Latex  cast  of  HU. 9049a;  Speeton  Clay, 
D7A?. 

Fig.  4.  Tollia  pseiidotolli  sp.  nov.  var.  (?).  Paratype.  Latex  cast  of  1889a;  Speeton  Clay,  D6AS. 
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them  and  the  general  situation  seems  to  indicate  bifurcation  of  the  primary  rib  to  give 
a posterior  branch  with  the  addition  of  two  intercalatories. 

Affinities  and  differences.  This  species  clearly  has  close  affinities  with  ToUia  bidevexa 
from  the  Rjasan  Horizon  of  Russia  and  there  is  virtual  identity  between  the  intermediate 
whorls  and  those  of  Bogoslowsky’s  second  specimen  (1897,  pi.  iii,  fig.  2a).  Bogoslowsky’s 
first  figured  specimen  (1897,  fig.  la)  shows  significant  differences  in  its  early  develop- 
ment, the  primary  ribs  in  the  first  whorls  bifurcating  with  later  increase  in  the  number  of 
secondaries  consequent  on  increase  in  size.  Bogoslowsky’s  second  specimen  on  the  other 
hand  shows  what  appears  to  be  the  commencement  of  a reduction  in  the  secondary/ 
primary  costal  ratio  with  increase  in  size.  Unfortunately  this  specimen  consists  of  only 
one  half  whorl  so  that  the  nature  of  the  early  development  is  unknown.  On  the  basis  of 
this  reduction  in  ribbing  it  is  provisionally  placed  in  the  synonymy  of  the  present  species 
and  removed  from  the  true  T.  bidevexa.  There  is  some  resemblance  between  the  new 
species  and  Snbcraspedites  siibpressiilus  in  the  number  of  secondary  ribs  associated  with 
the  primaries  in  the  early  stages  but  in  the  latter  the  reduction  in  the  costal  ratio  takes 
place  at  a later  stage  and  the  ribbing  is  stronger  and  more  prorsiradiate. 

ToUia  cf.  payeri  (Toula) 

Plate  40,  fig.  5 

Cf.  1874  Perisphinctes  Payeri  Toula,  pp.  498-9,  pi.  1,  figs.  \a-c. 

Cf.  1952  ToUia  payeri  (Toula)  Spath,  pi.  iv,  fig.  8. 

Discussion.  This  small  specimen  (HU. 9051),  only  22  mm.  in  diameter,  is  beautifully  pre- 
served and  is  the  only  ammonite  so  far  recovered  from  D6F.  It  differs  from  any  of  the 
other  species  of  ToUia  at  Speeton  particularly  in  the  high  density  of  the  ribbing,  sixteen 
primary  ribs  per  half  whorl  being  present  at  this  diameter.  The  primaries  split  into  two’s 
and  three’s  and  become  increasingly  prorsiradiate.  In  density  and  nature  of  the  ribbing 
there  is  a close  correspondence  between  the  Speeton  specimen  and  the  original  specimen 
figured  by  Toula  (1874,  pi.  1,  fig.  la)  at  comparable  sizes.  The  comparison  with  Spath’s 
specimen  (1952,  pi.  iv,  fig.  8)  is  less  close,  the  ribbing  in  the  latter  being  somewhat 
denser  and  the  point  of  bifurcation  of  the  primaries  lying  higher  up  the  flanks,  features 
in  which  it  also  differs  from  Toula’s  example.  It  is  questionable  whether  the  specimen 
from  Niesen  figured  by  Spath  should  be  referred  to  Toula’s  species.  The  difficulties  that 
arise  with  regard  to  the  taxonomy  and  horizon  of  the  Greenland  specimens  are  discussed 
later. 

In  view  of  these  difficulties  and  the  small  size  of  the  single  specimen  from  Speeton  it 
would  be  unwise  to  do  more  than  compare  it  with  Toula’s  species  until  more  is  known 
about  the  true  nature  of  the  species  and  larger  material  is  available  from  Speeton. 

ToUia  pseudotoUi  sp.  nov. 

Plate  40,  fig.  6;  Plate  41,  fig.  5;  Plate  43,  figs.  1,4;  Plate  44,  fig.  1;  Plate  45,  figs.  1,2;  text-fig.  4 
Holotype.  Specimen  S.  1887a. 

Paratvpes.  Six  specimens  and  some  counterparts.  S.1883,  S.1885a-h,  S.  1889a,  S.1890,  S.1892, 
HU.8943a,  b. 

Horizon  of  holotype  and  paratypes.  Speeton  Clay,  D6AS. 
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Diagnosis.  A species  of  ToUia  which  greatly  resembles  T.  tolli  in  the  final  stages  of 
development,  but  shows  progressive  decrease  of  the  secondary /primary  rib  ratio  during 
development.  One  specimen  (S.1885,  Plate  40,  fig.  6)  suggests  that  there  may  be  a final 
increase  in  this  ratio  immediately  before  the  ribbing  fades  on  the  body  whorl. 

Remarks.  D6A8  provides  the  best  preserved,  as  well  as  some  of  the  largest,  ammonites 
to  be  obtained  from  the  lowest  Speeton  Clays.  In  degree  of  involution,  density  of  primary 
ribs,  swing  of  the  ribbing,  and  point  of  fading  the  English  specimens  agree  almost 
exactly  with  the  true  T.  tolli  to  which  the  final  shell  bears  a strong  general  resemblance. 
The  ribbing  starts  to  fade  at  a diameter  of  about  78  mm.,  at  which  size  the  shell  shows 
twenty-four  or  twenty-five  primary  ribs  and  an  umbilical  width  which  is  approximately 
25  per  cent,  of  the  diameter.  In  the  development  of  the  rib  pattern,  however,  the  differ- 
ences are  marked  and  recall  those  between  T.  wrighti  sp.  nov.  and  T.  bidevexa  (Bogos- 
lowsky),  the  final  form  being  attained  by  a reduction  and  not  an  increase  in  the  costal 
ratio.  The  smallest  specimen  from  Speeton  (Plate  44,  fig.  1)  shows  a secondary/primary 
ratio  of  4 at  a whorl  height  of  1 1 mm.  Other  specimens  show  that  this  is  later  reduced 
to  3-5  at  about  24  mm.  whorl  height,  and  3 at  28  mm.  As  noted  above,  the  best  specimen 
showing  the  fading  in  the  last  whorl  suggests  that  there  may  be  some  increase  in  this 
ratio  shortly  before  the  ribbing  completely  disappears.  In  contrast  the  Russian  specimen 
of  similar  size  (Pavlow  1914,  pi.  xii,  fig.  2a)  shows  a rib  ratio  of  3 at  a whorl  height  of 
24  mm.,  increasing  with  size  to  3-5,  4,  and  even  (in  the  largest  specimen)  to  4-5.  Line 
drawings  of  the  rib  pattern  in  one  of  the  Speeton  forms  and  Pavlow’s  specimen  of  com- 
parable size  are  given  here  as  text-fig.  4. 

Whereas  it  has  been  found  convenient  to  separate  the  English  and  Russian  forms  from 
this  and  lower  horizons  as  separate  species,  it  is  not  unlikely  that  they  represent  two 
geographically  isolated  races  of  one  vast  interbreeding  plexus  of  forms  which  are  reach- 
ing the  same  end  point  by  rather  different  routes — the  one  by  a reduction,  the  other  by 
an  increase  in  the  costal  ratio.  In  this  case  they  might  properly  be  regarded  as  subspecies 
rather  than  full  species.  Much  more  material  is  needed  from  England,  Greenland,  and 
Russia  before  the  variation  acceptable  in  a single  species  can  be  worked  out,  however, 
and  the  full  significance  in  the  variation  of  rib  patterns  in  the  whole  group  assessed.  At 
present,  therefore,  less  problems  would  seem  to  be  created  if  T.  wrighti  and  T.  pseudo- 


EXPLANATION  OF  PLATE  44 

All  figures  twice  natural  size. 

Fig.  1.  ToUia  pseudotolli  sp.  nov.  Paratype.  HU.8943b,  External  mould;  Speeton  Clay,  D6A§. 

Figs.  2,  5,  7,  9,  12,  13.  Subcraspedites  aff.  cristatus  Swinnerton;  Speeton  Clay,  D6I.  2,  HU. 8410, 
External  mould.  5,  Plasticene  squeeze  of  HU. 8409.  7,  HU. 8417a,  External  mould.  9,  HU.8415b, 
External  mould.  12,  HU.8414,  Actual  shell.  13,  HU.8415a,  Internal  mould  and  part  of  external 
mould. 

Figs.  3,  6.  ToUia?  sp.  3,  HU.8413,  External  mould;  Speeton  Clay,  D6I.  6,  HU.8944b,  External  mould; 
Speeton  Clay,  D6A. 

Figs.  4,  1 1.  Incertae  sedis.  4,  HU.8529.  Specimen  from  D6A  showing  ribbing  passing  across  the  venter 
without  interruption.  11,  HU. 8419a,  Internal  mould;  Speeton  Clay,  D6I. 

Fig.  8.  ToUia  wrighti  sp.  nov.  HU. 841 2,  Plasticene  squeeze  of  external  mould;  Speeton  Clay,  D6I. 
Fig.  10.  Subcraspedites  sp.  HU. 8422,  External  mould;  Speeton  Clay,  D6I. 

Fig.  14.  Subcraspedites?  spp.  HU.8421a,  Part  external  and  part  internal  moulds  of  two  specimens; 
Speeton  Clay,  D6I. 


Palaeontology,  Vol.  5 


PLATE  44 


NEALE,  Berriasian  Ammonoidea 


w* 


\ 


% ■ ■* 


o 


••  <1^ 

- ■'  t i J '» 
•>. 


JOHN  W.  NEALE;  SPEETON  CLAY  AMMONOIDEA 


287 


toUi  are  given  full  specific  rank  than  if  any  of  the  several  taxonomic  alternatives  are 
adopted. 

TolJia  stenomphala  (Pavlow) 

Plate  42,  figs.  1,  2,  7 

1889  Olcostephanus  stenomphaJus  Pavlow,  p.  117,  pi.  iii,  figs.  1,  \0a-c. 

Material.  Four  specimens.  HU.9042a,  b,  HU.9043,  HU.9048. 

Horizon.  Speeton  Clay,  D6A^. 


TEXT-FIG.  4.  Comparison  of  rib  pattern,  a,  Tollia  tolli  Pavlow  1902,  pi.  12,  fig.  2a\  north  Siberia. 
b,  T.  pseudotoUi  sp.  nov.,  Speeton  Clay,  D6A8;  holotype,  S.  1887a. 

Remarks.  These  four  specimens  are  all  small,  the  largest  being  38  mm.  in  diameter. 
The  pattern  of  rib  development  corresponds  with  that  seen  in  T.  stenomphala,  the  ribs 
bifurcating  or  trifurcating  in  almost  regular  alternation.  At  almost  the  same  whorl 
height  the  density  of  the  secondary  ribbing  is  exactly  the  same  in  the  holotype  and  the 
best  Speeton  specimen.  The  ammonites  at  this  horizon  show  a different  type  of  develop- 
ment in  the  rib  pattern  from  those  in  the  preceding  bed,  the  ribs  gradually  increasing 
from  simple  bifurcation  in  the  earliest  whorls  to  alternate  bifurcate  and  trifurcate  ribs 
in  the  latest  part,  i.e.  an  increase  in  the  secondary/primary  rib  ratio  from  2 to  2-5.  This 
mode  of  increase  corresponds  with  the  situation  seen  in  the  Russian  forms  such  as 
T.  bidevexa,  T.  tolli,  T.  tolmatschowi,  &c. 

Pavlow’s  holotype  came  from  the  Spilsby  Sandstone  and  his  second  specimen  from 
the  Bel.  corpulentus  beds  of  the  Simbirsk  area  of  Russia.  The  horizon  at  Speeton  is  in 
accord  with  this  since  Spath  (1952,  p.  18)  has  stated  that  this  form  together  with  S. 
plicomphalus  and  S.  sowerbyi  occurs  in  the  Upper  Spilsby  Sandstone  above  the  beds 
with  Paracraspedites  stenomphaloides. 
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ToUia  cf.  tohnatschowi  Pavlow  1914 


Plate  42,  fig.  4 

Cf.  1914  Tollia  tohnatschowi  Pavlow,  p.  40,  pi.  xii,  fig.  3;  pi.  xiii,  figs.  \a-e. 

Material.  One  specimen.  HU. 9044 
Horizon.  Speeton  Clay,  D6A^. 

Remarks.  Preservation  is  not  good  and  specific  identity  is  not  certain.  This  single 
specimen  agrees  with  T.  tohnatschowi  in  the  density  of  the  primary  ribbing  (which  is 
much  denser  than  in  the  preceding  form)  and  the  ribs  become  very  strongly  prorsiradiate 
on  the  last  part  of  the  Speeton  specimen,  a feature  emphasized  by  Pavlow  who  stated 
that  ‘this  species  is  very  like  the  preceding  (T.  tolli)  but  distinguishes  itself  in  its  . . . 
straighter,  more  forwardly  inclined  ribs.  This  inclination  is  conditioned  by  the  fact  that 
the  siphonal  ribs  are  not  deflected  back  from  the  direction  which  they  have  at  the 
umbilicus,  continuing  in  this  direction  almost  as  far  as  the  siphonal  margin,  not  far 
from  which  they  are  still  bent  forward  and  pass  across  it  without  interruption.’  (Pavlow 
1914,  p.  40;  translated  from  the  Russian.) 

The  following  rib  counts  bring  out  the  differences  between  the  two  different  species 
at  this  horizon  quite  clearly : 


Diameter 

Ribs  per 

in  mm. 

whorl 

T.  tohnatschowi  (Pavlow  1914,  pi.  xiii,  \e) 

41 

30-31 

T.  cf.  tohnatschowi  Speeton  Clay,  HU.9044 

45 

32-34 

T.  stenomphcda  Speeton  Clay,  HU.9048 

38 

20 

There  is  also  a resemblance  to  PraetoUia  maynci  var.  contigiia  Spath  as  noted  later. 

ToUia  sp. 

Plate  42,  fig.  6 

Material.  One  poorly  preserved  specimen  HU. 9041b. 

Horizon.  Speeton  Clay,  D6Aj3. 

Remarks.  In  this  specimen  the  secondary  ribs  are  very  long  and  more  in  the  nature  of 
intercalatory  ribs  than  truly  bifurcatory  and  the  ribbing  is  dense  and  very  fine.  This  may 
merely  be  a variety  of  the  foregoing  but  until  more  material  is  available  in  a better  state 
of  preservation  and  completeness  it  is  impossible  to  assess  its  relationships  and  taxo- 
nomic position. 

INCERTAE  SEDIS 

Here  are  included  a number  of  specimens  from  various  horizons  which,  due  either  to 


EXPLANATION  OF  PLATE  45 

All  figures  natural  size. 

Figs.  1,  2.  ToUia pseudotolli  sp.  nov.  Speeton  Clay,  D6AS.  1,  Paratype,  S.1883;  2,  Holotype,  S. 1887a. 
Fig.  3.  Tollia  wrighti  sp.  nov.  Counterpart  of  holotype.  S. 1884a.  Speeton  Clay,  D7B. 

Fig.  4.  Subcraspedites  aff.  preplicomphahis  Swinnerton.  Latex  cast  of  S. 1543b;  Speeton  Clay,  D6H. 
Figs.  5,  6.  Paracraspedites  sp.  Speeton  Clay,  D6H.  5,  Latex  cast  of  S.1886.  6,  Latex  cast  of  S.  1544a. 
Figs.  7,  8.  Paracraspedites  stenoniphaloides  Swinnerton.  Speeton  Clay,  D6H.  7,  S.  1546a.  8,  S.  1546b. 


Palaeontology,  Vol.  5 


PLATE  45 


NEALE,  Berriasian  Ammonoidea 


JOHN  W.  NEALE:  SPEETON  CLAY  AMMONOIDEA 


289 


size  or  to  poor  preservation,  or  to  both,  are  of  uncertain  affinities.  Brief  comments  are 
given  below. 

HU. 8313.  Speeton  Clay,  D6I.  Very  poorly  preserved,  fine  ribbed  form.  Possibly 

ToUia  wrighti  (Plate  44,  fig.  3). 

HU. 8529.  Speeton  Clay,  D6A.  Crushed  shell  showing  the  ribbing  passing  across  the 

venter  without  interruption  (Plate  44,  fig.  6). 

HU. 8422.  HU. 8421  a (left).  Speeton  Clay,  D6I.  Nuclei  showing  a fairly  distinct  sinuous 
curve  and  splitting  of  the  primary  ribs.  Possibly  related  to  S.  groenlandica 
Spath  (Plate  44,  figs.  10,  14  [left]). 

HU. 8419a.  Speeton  Clay,  D6I.  Nucleus  of  unknown  affinities  (Plate  44,  fig.  11). 

HU. 8421a  (right).  Speeton  Clay,  D6I.  Possibly  related  to  the  other  forms  from  this 
horizon  placed  as  S.  aff.  cristatus  (Plate  44,  fig.  14). 

THE  SIGNIFICANCE  OF  THE  AMMONOIDEA 

Whilst  the  abundance  and  preservation  of  the  ammonoids  from  the  lowest  D beds 
leave  much  to  be  desired,  their  significance  is  considerable.  The  age  of  the  lowest 
17  feet  of  beds  (D5-D8)  has  remained  a problem  even  though  Spath  (1947,  p.  63)  has 
stated  categorically  that  ‘ I showed  that  the  Spilsby  Sandstone  was  of  even  earlier  age 
than  the  lowest  part  of  the  Speeton  Clay’.  What  in  fact  Spath  (1924,  p.  81)  did  show 
was  that  the  Spilsby  Sandstone  of  Lincolnshire  contained  ammonites  that  were  older 
than  any  found  in  D4  and  the  beds  above  at  Speeton.  Unfortunately  he  lumped  D5  and 
D6  with  D4  and  later,  by  inference,  D7  and  D8  also.  The  beds  below  D4,  however, 
differ  considerably  in  lithology  and  faunal  content  (Neale  and  Kilenyi  1961,  Neale 
1962)  from  those  above  and  in  this  respect  the  Lingula  Bed  ( D5)  is  significant  in  indicat- 
ing a radical  change  in  conditions.  This  separates  the  blue  mudstones  and  dark  and  pale 
mottled  and  striped  clays  of  D6  and  D7  which  contain  good  marine  faunas,  from  the 
higher  parts  of  the  section,  which  also  contain  good,  but  different,  marine  faunas. 

Swinnerton  (1937,  xxvii)  has  drawn  attention  to  the  fact  that  the  true  Acroteuthis 
lateralis  is  restricted  to  D6,  D7,  and  D8,  reaching  its  greatest  abundance  in  D7,  and  in 
contrast  to  Spath  suggests  that  these  beds  should  be  placed  in  or  near  the  stenomphahis 
Subzone  of  the  ‘Infra-Valanginian’.  Spath  (1947,  p.  63)  dismisses  the  evidence  of  the 
belemnites  as  unconvincing,  but  detailed  palaeontological  work  has  confirmed  Swinner- 
ton’s  views  on  the  significance  of  the  difference  in  the  belemnite  faunas.  It  will  suffice 
here  to  mention  that  the  foraminiferal,  ostracod,  and  lamellibranch  faunas  all  differ 
from  those  higher  in  the  section,  i.e.  above  the  Lingula  Bed. 

Examination  of  the  distribution  of  ammonites  at  Speeton  shows  the  following  suc- 
cession ; 


D5  and  D6An  c.  T 

D6AiS  8" 

D6Ay  1-2" 

D6AS  V 2" 


Barren  Beds. 

(ToIUa  stenomphala  (Pavlow). 

ToUia  cf.  tolmatschowi  Pavlow. 

ToUia  sp. 

No  ammonites  obtained. 

(ToUia pseiidotoUi  sp.  nov. 

Siibcraspedites  prepliconiphahis  Swinnerton. 
Subcraspedites  sp. 
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D6B-D6E 

D6F 


D6G-D6H 


D6I 

D6J 

D7A  and  DVB 

D7C  and  DVD 
D7E 

D7E,  D7G,  D8 


r 2" 

3r 


r o"-i'  3" 


r 6k"-i'  10" 
5-6" 


r 4" 

L 2V-V  54" 
4i" 

2'  8"-2'  9" 


No  ammonites  obtained. 

ToUia  cf.  payeri  (Toula). 

{Subcraspedites  preplicomphaliis  Swinnerton. 
Siibcraspedites  aff.  preplicomphaliis  Swinnerton. 
Paracraspedites  stenomphaloides  Swinnerton. 
Paracraspedites  siibtzikwinionus  (Bogoslowsky). 
Paracraspedites?  sp. 

I Subcraspedites  afT.  cristatus  Swinnerton. 

I Tollia  wrighti  sp.  nov. 

No  ammonites  obtained. 

( Tollia  wrighti  sp.  nov. 

I Paracraspedites  prostenomphaloides  sp.  nov. 

[ Laugeites?  sp. 

No  ammonites  obtained. 

Laugeites?  sp. 

Barren  Beds. 


It  will  be  seen  that  at  Speeton  three  species  are  regarded  as  new,  four  species  described 
from  other  areas  are  considered  to  be  present,  and  three  other  described  species  are 
probably  present,  whilst  in  a number  of  cases  the  nomenclature  is  left  open. 

In  the  boreal  province,  marine  Berriasian  (Infravalanginian,  Riasanian)  rocks  occur 
in  a number  of  areas,  three  of  which,  Lincolnshire,  Russia,  and  Greenland,  merit  com- 
parison with  Speeton.  The  smaller  areas  in  Spitsbergen,  the  King  Charles  and  Lofoten 
Islands  are  too  poorly  known  to  make  comparison  profitable.  A recent  note  by  Casey 
(1961,  p.  1100)  suggests  that  new  discoveries  in  the  Sandringham  Sands  near  West 
Dereham  in  Norfolk  will  be  of  considerable  interest  and  importance  when  the  details 
are  known.  Analysis  shows  that  the  Speeton  ammonites  are  claimed  to  have  links  with 
the  three  areas  as  follows: 

Lincolnshire.  Specific  identity  in  the  case  of  three  and  probably  in  the  case  of  a fourth 
species. 

Russia.  Specific  identity  in  two  cases  and  probably  in  the  case  of  a third. 

Greenland.  One  species  comparable  with  a Greenland  form. 


Lincolnshire.  As  might  be  expected  this  area  provides  the  closest  faunal  comparison 
with  Speeton.  The  relevant  ammonite  faunas  come  from  the  base  of  the  Spilsby  Sand- 
stone, from  which  Swinnerton  (1935)  described  two  distinct  faunas.  In  the  Fordington 
Boring  the  Spilsby  Sandstone  reaches  a thickness  of  72  ft.  6 in.,  and  the  principal 
ammonite  faunas  described  occur  in  Beds  D and  C in  the  basal  3 feet.  Clearly  the  Lincoln- 
shire Paracraspeditid  fauna  from  Bed  C corresponds  most  closely  with  D6G  and  D6H 
at  Speeton  which  also  yield  Paracraspedites  stenomphaloides  and  Subcraspedites  prepli- 
comphalus.  The  lower  beds  at  Speeton  yield  Tollia  wrighti,  Laugeites?  sp.,  and  if  its 
horizon  is  interpreted  correctly,  Paracraspedites  prostenomphaloides,  all  new  species.  If 
the  above  correlation  is  accepted  there  are  1 1 inches  of  sandstone  and  clay  below  the 
Paracraspeditid  fauna  in  Lincolnshire,  whereas  at  Speeton  there  are  some  5 feet  of  beds 
below  which  contain  a different  fauna,  together  with  2 feet  9 inches  of  underlying  barren 
beds  before  the  basal  Coprolite  Bed  is  reached.  This  suggests  that,  contrary  to  the  state- 
ment made  by  Spath,  the  early  Cretaceous  sea  may  well  have  entered  the  Speeton  area 
earlier  than  Lincolnshire.  While  the  Coprolite  Bed  at  Speeton  and  the  blue  clay  with 
sand  tubes  together  with  the  phosphatic  nodules  at  the  base  of  Bed  B in  Lincolnshire 
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may  be  regarded  as  equivalents,  this  is  probably  a diachronic  deposit  and  in  consequence 
later  in  age  in  the  latter  area.  The  lower  Spilsby  Sandstone  thus  becomes  an  inshore 
equivalent  of  part  of  D6,  the  different  facies  reflecting  the  different  situation  with  regard 
to  the  shoreline  and  possibly  also  a different  source  of  detritus  (De  Boer,  Neale,  and 
Penny  1958,  p.  176).  This  fits  in  with  the  generally  accepted  picture  of  the  palaeo- 
geography  of  this  period  and  also  confirms  Strahan’s  suggestion  (1886,  p.  490)  that  ‘the 
Tealby  Beds  and  Spilsby  Sandstone  become  then  the  equivalents  of  the  Speeton  Series, 
the  sandstone  being  thinned  out  or  replaced  by  clay  towards  the  north’. 

In  Lincolnshire  T.steminphala  is  recorded  from  the  Upper  Spilsby  Sandstone  together 
with  S.  plicomphahis  and  S.  sowerbyi.  The  two  latter  have  not  been  proved  at  Speeton 
but  T.  stenomphala  occurs  in  D6A/3.  At  Nettleton  (Lines.)  Mr.  C.  W.  Wright  has  recorded 
the  T.  stenomphala  fauna  between  20  and  30  feet  above  the  fauna  characteristic  of 
Swinnerton’s  bed  D (Donovan  1957,  pp.  145-6).  Taking  the  minimum  thickness  of 
20  feet,  this  means  that  this  fauna  occurs  21  feet  at  least  above  that  of  Bed  C with  which 
the  fauna  occurring  in  D6G  and  D6H  has  close  connexions.  At  Speeton  only  3 ft.  94  in. 
of  deposits  intervene  between  the  occurrence  of  the  latter  fauna  and  T.  stenomphala. 
Whilst  further  corroborative  evidence  is  needed  from  both  Lincolnshire  and  Speeton 
before  reliance  can  be  placed  on  the  thicknesses  given,  the  implications  are  clear  and 
suggest  that  the  equivalent  beds  of  the  Spilsby  Sandstone  in  Yorkshire  are  much 
thinner.  This  would  be  expected  in  a clay  facies,  and  it  follows  that  the  successive  faunas 
will  lie  closer  together  vertically  in  this  reduced  thickness  of  beds.  The  exact  equivalent 
of  Bed  D,  the  principal  Suberaspeditid  horizon  in  Lincolnshire,  has  not  been  determined 
and  is  not  obvious  at  Speeton,  but  if  the  evidence  is  interpreted  correctly  it  must  lie 
somewhere  in  the  range  D6B  to  D6F. 

Before  turning  to  the  Russian  area  it  will  be  convenient  to  summarize  the  Lincolnshire 
ammonite  succession  where  the  following  has  been  definitely  established: 

3.  Tollia  stenomphala  and  Suberaspedites  sp. 

2.  Principal  Suberaspedites  horizon  (Bed  D). 

1.  Paracraspedites  with  Suberaspedites  (Bed  C). 

Heetoroeeras  has  not  so  far  been  found  in  Lincolnshire  but  the  recent  discoveries  of  this 
genus  in  the  Sandringham  Sands  (Casey  1961)  augur  well  and  may  eventually  lead  to  its 
discovery  farther  north.  This  would  enable  the  vexed  question  of  the  relationships 
between  the  horizon  of  this  genus  and  that  of  the  three  genera  quoted  above  to  be  more 
accurately  resolved.  Casey’s  note  suggests  that  search  should  be  made  within  or  just 
above  the  Spilsby  Sandstone. 

Russia.  The  general  correspondence  between  the  Lincolnshire  fauna  and  that  of  Russia 
has  been  noted  by  Swinnerton  (1935)  and  comparison  is  usually  made  with  the  Rjasan 
Beds  south-east  of  Moscow  where  a condensed  succession  occurs.  The  Rjasan  Horizon 
has  been  treated  exhaustively  by  Bogoslowsky  (1897)  and  has  been  discussed  by  many 
authors  including  Spath  (1936,  1947,  1952),  Maync  (1949),  and  Arkell  (1956).  In  general 
the  accepted  division  is  into  an  upper  group  of  beds  looked  on  as  Lower  Cretaceous  and 
characterized  by  Paraeraspedites  spasskensis  and  a lower  group  which  are  regarded  as 
Upper  Jurassic  (Volgian)  and  typified  by  Riasanites  rjasanensis.  The  Paracraspeditid 
horizon  (Bed  C)  of  Lincolnshire  is  usually  correlated  with  the  Spasskensis  Zone  and  the 


292 


PALAEONTOLOGY,  VOLUME  5 

fact  that  P.  subtzikwinianus  which  occurs  in  the  uppermost  Rjasan  beds  (Spasskerms 
Zone)  also  occurs  at  Speeton  along  with  P.  stenomphaloides  in  D6G  confirms  the  general 
correlation  of  this  part  of  the  section  with  the  Russian  horizon.  Tollia  wrighti,  which 
appears  to  belong  to  the  T.  bidevexa  group,  adds  further  confirmatory  evidence,  since 
T.  bidevexa  occurs  in  the  same  bed  as  P.  subtzikwinianus  (Bogoslowsky,  1902,  p.  96). 

In  1889  Pavlow  described  Olcostephanus  stenomphalus  from  both  Lincolnshire  and  the 
Simbirsk  area  of  Russia  and  it  has  been  customary  to  recognize  an  Upper  stenomphalus 
zone  in  the  Infravalanginian.  All  the  evidence  is  in  accord  with  this  and  the  following 
may  be  regarded  as  established : 

Zone  of  Tollia  stenomphala  \ ^ ^ 

n . Cretaceous 

Zone  ot  Paracraspedites  spasskensis  j 

Zone  of  Riasanites  rjasanensis  Jurassic 

In  1914  Pavlow  described  a large  fauna  from  northern  Siberia  consisting  mainly  of 
Cardiocerates  and  Polyptychitids,  but  also  including  Tollia  tolli  and  T.  tolmatschowi. 
T.  pseudotolli  is  so  close  to  the  true  T.  tolli  that  they  can  differ  but  little,  if  at  all,  in 
horizon,  and  at  Speeton  T.  stenomphala  and  a species  compared  with  T.  tolmatschowi 
occur  in  the  overlying  bed.  This  has  a considerable  bearing  on  the  postulated  succession 
in  Greenland. 

Greenland.  The  distribution  of  the  genus  Tollia  in  Russia  and  England,  as  noted  above, 
raises  certain  problems  in  view  of  the  succession  of  faunas  put  forward  in  east  Green- 
land where  Spath  (1952,  p.  20)  has  postulated  the  following: 

, , , . . ( Polyptychites  zones 

Valanginian  | 

(Tollia  payeri 
Hectoroceras  zone 
Praetollia  zone 
Siibcraspedites 
S.  {Paracraspedites) 

Jurassic  (Laugeites) 

In  this  he  assumes  the  Tollia  payeri  zone  to  be  generally  equivalent  to  the  Siberian 
T.  tolli  zone.  Later  (p.  33)  he  gives  the  following  generalized  scheme  for  the  succession 
of  faunas  in  the  Boreal  province : 

Platylenticeras 

Tollia 


Hectoroceras 


Praetollia 


stenomphalus 

spasskensis 


rjasanensis 


As  shown  earlier,  from  the  nature  of  the  suture-line  Olcostephanus  stenomphalus 
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Pavlow  must  be  regarded  as  falling  within  the  genus  Tollia,  and  forms  considered  to  be 
co-eval  with  ToUia  tolli  pre-date  T.  stenomphala  at  Speeton.  It  has  also  been  shown  that 
the  genera  Paracraspedites  and  Tollia  ( T.  wrighli)  coexisted  at  Speeton  so  that  the  recogni- 
tion of  a Tollia  fauna,  separated  from  a Paracraspedites  ^QXix\a.h)/  stenomphala,  Praetollia, 
and  Hectoroceras,  has  no  validity  at  Speeton.  The  position  established  at  Speeton  by  the 
new  data  may  be  summarized ; 


4. 

3. 

2. 

1. 


Platylenticeras 

3.  Tollia  stenomphala,  T.  cf.  tolmatschowi 
2.  Tollia  pseudotolli 
1 . Tollia  cf.  payeri 

Paracraspedites  spp.,  Tollia  wrighti 
Laugeites?  sp.,  Tollia  wrighti 


\ Tollia  without  Paracraspedites 


\ Paracraspedites  with  Tollia 


Thus  a Tollia  fauna,  which  includes  the  T.  stenomphala  zone,  may  be  recognized 
above  the  Paracraspedites  horizons.  Whilst  three  zones  or  subzones  based  on  species  of 
Tollia  may  be  recognized  at  Speeton,  the  highest  of  which  is  that  of  T.  stenomphala, 
only  further  collecting  and  research  will  show  if  these  can  be  maintained  as  separate 
zones.  Having  thus  established  the  essential  identity  of  the  Tollia  fauna  and  the  stenom- 
phala zone,  it  becomes  imperative  to  reconsider  the  evidence  bearing  on  the  mutual 
relationships  of  ‘ Tollia  payeri',  Hectoroceras,  and  Praetollia  and  the  lower  faunas  from 
Greenland. 


The  position  of  the  Zone  of  Perisphinctes  payeri  Toula 

Perisphinctes  payeri  remains  a very  problematical  fossil  and  little  new  can  be  said  about 
its  taxonomic  position.  On  the  other  hand  its  stratigraphical  position  is  of  considerable 
importance,  since  the  placing  of  a Tollia  zone  at  the  top  of  the  Berriasian  succession  in 
Greenland  depends  on  this  species  alone.  Since  the  Speeton  specimen  is  too  small  to  be 
more  than  compared  with  Toula’s  species  and  Tollia  payeri  has  not  been  otherwise 
recorded  outside  Greenland  the  whole  question  of  Spath’s  placing  of  the  Tollia  zone 
turns  on  the  Greenland  evidence.  Here  T.  payeri  is  represented  by  two  specimens  of 
which  the  type  specimen  is  the  critical  one;  the  horizon  of  this  specimen  is,  however, 
not  known. 


The  Hectoroceras  and  Praetollia  faunas 

Evidence  from  Greenland  suggests  that  these  faunas  are  probably  of  roughly  the  same 
age  (Spath  1952,  p.  13;  Donovan  1957,  pp.  63,  69  and  fig.  13)  and  that  they  overlie  beds 
with  species  of  Subcraspedites  and  Paracraspedites  (Spath  1952,  p.  6).  They  are  therefore 
probably  of  post-Spasskensis  Zone  age,  but  nothing  is  known  of  their  relationships 
with  ammonites  of  the  Stenomphala  Zone.  Further  collecting  from  Bed  D6A/3  at 
Speeton  might  show  that  some  of  the  more  finely  ribbed  forms  at  this  horizon  are 
Praetollia  (see  above  under  Tollia  cf.  tolmatschowi,  and  Plate  42,  fig.  4),  and  that  this 
genus  belongs  therefore  to  the  Stenomphala  Zone. 

The  position  of  beds  conrtaining  Laugeites 

Whilst  this  is  of  some  importance  in  regard  to  the  Greenland  succession  it  must  be 
reiterated  that  the  preservation  of  the  Speeton  specimens  is  not  good  and  they  can  only 
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be  questionably  referred  to  this  genus.  The  genus  (first  described  as  Kochina)  originally 
came  from  the  Lingula  Bed  70  metres  above  the  base  of  the  Hartzfjaeld  Sandstone, 
north  of  Cape  Leslie  in  east  Greenland,  and  was  regarded  as  Portlandian  in  age.  Maync 
(1947,  pp.  29  et  seq.)  showed  that  Laugeites  groenlandica  occurred  in  all  four  sedimenta- 
tion cycles  recognized  in  the  ‘Haakonshytta’  section  in  the  south-west  part  of  Kuhn 
Island.  The  uppermost  cycle  (IV)  also  yielded  Subcraspedites  associated  with  Laugeites 
and  was  considered  to  be  definitely  Infravalanginian. 

Spath  (1936)  regarded  Laugeites  as  essentially  Portlandian  and  the  same  author  (1946, 
p.  4)  records  the  associated  ammonites  as  Subcraspedites  aflf.  plicouiphalus  (Sowerby) 
and  S.  cf.  stenomphalus  (Pavlow)  and  goes  on  to  state  that  ‘the  block  enclosing  a frag- 
ment of  the  first  named  species  also  contains  what  must  be  a derived  Jurassic  Laugeites'. 
On  the  other  hand  Maync  (1949,  p.  28)  states  that: 

According  to  L.  F.  Spath  ipp.  cit.)  this  Cretaceous  portion  of  the  ‘Hartzfjaeld  Sandstone’  probably 
overlies  the  Jurassic  part  with  an  unconformity. 

As  will  be  shown  later,  the  new  data  evidenced  by  the  stratigraphical  investigations  do  not  support 
this  conjecture  with  regard  to  Kuhn  Island,  since  the  boundary  between  the  latest  Jurassic  and  the 
lowermost  Cretaceous  runs  within  a cyclic  sedimentary  series  where  it  is  hardly  admissible  to  assume 
an  important  break  in  sedimentation.  Furthermore,  Laugeites  {Kochina)  groenlandica  Spath  is  present 
throughout  the  series,  also  in  the  uppermost  cycle  (IV)  where  it  is  accompanied  by  Subcraspedites  ex 
gr  plicomphalus  (Sow.)/5'.  (Tollia)  stenomphalus  (Pavlow)  of  the  Infravalanginian.  That  Laugeites 
{Kochina)  should  have  been  worked  up  from  the  underlying  rocks  is  fairly  improbable  as  there  is  no 
trace  of  an  erosional  gap.  Rather  do  I therefore  cling  to  the  idea  already  foreshown  by  L.  F.  Spath 
that  there  is  an  almost  complete  gradation  between  Dorsoplanites-Laugeites  to  Kachpurites-Craspeditesj 
Subcraspedites-Polyptychites  {vid.  Spath  1936),  in  other  words,  these  genera  represent  a continuous 
phylogenetic  sequence.  The  occurrence  of  Subcraspedites  in  the  top  beds  in  Laugeites  Ravine,  even  still 
associated  with  true  Laugeites  {Kochina),  bears  witness  that  the  latter  is  still  more  closely  related  to  the 
Craspeditidae  than  to  the  Pavlovinae,  and  that  the  interval  between  Laugeites  {Kochina)  and  Sub- 
craspedites is  even  less  than  was  assumed  by  L.  F.  Spath  {op.  cit.). 

From  this  it  would  appear  that  Laugeites  may  be  taken  to  range  from  the  Portlandian 
into  the  Infravalanginian.  Thus  the  assignment  of  specimens  from  D7  at  Speeton  to  this 
genus  is  not  inconsistent  with  its  known  stratigraphic  range. 

Germany.  In  the  case  of  the  higher  D beds  at  Speeton  comparisons  are  usually  made 
with  the  north  German  successions.  In  Subcraspeditan  times,  however,  the  Lower 
Cretaceous  transgression  had  not  reached  Germany  and  marine  beds  of  Platylenti- 
ceratan  age  are  found  to  overlie  beds  of  Wealden  facies.  No  comparison  can  thus  be 
made  in  their  faunal  content. 

France.  Correlation  between  the  type  area  of  the  Berriasian  in  southern  France  and  the 
northern  province  is  at  present  impossible.  One  of  the  latest  assessments  of  their  relation- 
ships is  due  to  Spath  (1952)  and  nothing  new  can  be  said  at  present.  The  author  has  a 
large  collection  of  material  from  the  type  area  of  Berrias  and  also  from  Privas  near 
Alisas  at  present  awaiting  attention.  It  is  obvious  that  correlation  will  not  be  possible 
on  the  basis  of  the  macrofauna  but  certain  microfaunal  groups  hold  out  considerable 
promise  of  eventual  correlation  between  the  two  developments. 

SUMMARY  AND  CONCLUSIONS 

The  difficulties  attendant  on  establishing  a valid  succession  of  ammonite  faunas  in 
the  northern  facies  of  the  Berriasian  are  self-evident  from  the  discussion  above.  The 
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faunas  described  from  the  lowest  beds  at  Speeton  represent  one  small  additional  piece 
in  what  is,  in  effect,  a complex  jig-saw  puzzle.  The  following  conclusions  may  be  drawn: 

1.  D6  and  D7A-E  are  characterized  by  ammonites  indicating  a Subcraspeditan 
(=  Berriasian  or  Infravalanginian)  age  for  these  beds. 

2.  These  ammonites  belong  to  the  genera  Paracraspediles,  Subcraspedites,  Tollia,  and 
Laugeites?  and  occur  at  nine  different  horizons. 

3.  Specific  identity  is  claimed  with  species  recorded  from  Lincolnshire,  Russia,  and 
Greenland,  the  strength  of  the  links  being  in  that  order. 

4.  The  Paracraspedites  fauna  of  Lincolnshire  from  Bed  C of  the  Spilsby  Sandstone 
corresponds  with  D6G  and  D6H,  the  lower  limit  being  about  the  top  of  D7. 

5.  At  Speeton  there  is  a fauna  of  Tollia  and  Laugeites?  below  the  lowest  fauna 
recorded  in  Lincolnshire  (P.  stenomphaloides). 

6.  The  lowest  Spilsby  Sandstone  does  not  pre-date  the  lowest  Speeton  Clay.  The 
reverse  relationship  is  much  more  probable  and  would  be  in  accord  with  the  usual 
palaeogeographical  reconstructions. 

7.  The  mudstones,  striped  clays,  and  mottled  beds  of  D6  are  a different  facies  of  the 
Spilsby  Sandstone  and  may  reflect  different  sources  of  supply  as  well  as  different 
environments. 

8.  Some  of  the  Berriasian  ammonites  at  Speeton  attained  a larger  size  than  any  of  the 
same  age  so  far  recorded  from  Lincolnshire. 

9.  Lower  Cretaceous  ammonites  have  not  so  far  been  found  in  D5  or  below  D7L. 

10.  The  ammonites  in  the  D beds  fall  into  three  distinct  faunal  groups:  Craspeditidae 
(D6-D7),  Polyptychitidae  (D2D-D4),  and  Neocomitinae  (D1-D2D). 

1 1 . Whilst  these  beds  are  of  Subcraspeditan  age  there  does  not  appear  to  be  a dominant 
development  of  Subcraspedites  nor  yet  a typical  Subcraspeditid  horizon.  A sub- 
division can  be  made  into  beds  with  Paracraspedites  and  ToUia  (spasskeusis  zone) 
below,  and  beds  with  ToUia  but  without  Paracraspedites  (toUi-steuoniphala  zone) 
above. 
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PERMIAN  FORAMINIFERA  FROM  BRITISH 

HONDURAS 

by  CHARLES  A.  ROSS 


Abstract.  Fusulinids  identified  from  the  Macal  Shale  Group,  Macal  Series,  south  central  British  Honduras 
are  Schwagerina  grupemensis  Thompson  and  Miller,  Schwagerina  sp.  A,  Eoverbeekina  aff.  E.  americana  Thomp- 
son and  Miller,  Ozawainella?  sp.,  and  Staffella  sp.  One  species  of  the  Trochamminid  genus  Tetrataxis  also  occurs 
in  these  strata.  These  species  suggest  correlation  with  the  lower  part  of  the  Chochal  Limestone  of  Guatemala, 
the  Grupera  Formation  of  Chiapas,  Mexico,  and  the  Lenox  Hills  Formation  (upper  part  of  the  standard  Wolf- 
campian  Series,  Permian),  Glass  Mountains,  Texas. 


Fusilinid  bearingrocksfrom  British  Honduras  in  the  collections  of  the  British  Museum 
(Natural  History)  are  of  considerable  interest  in  adding  to  our  knowledge  of  fusulinid 
distribution  in  central  America  and  in  helping  to  establish  the  age  relations  of  late 
Carboniferous  and  early  Permian  strata  in  British  Honduras. 

I am  indebted  to  Dr.  Charles  G.  Adams,  British  Museum  (Natural  History),  for  loan- 
ing these  interesting  collections  to  me  for  study  and  for  aid  in  locating,  as  closely  as 
possible,  their  geographic  position.  Dr.  June  Phillips  Ross  read  the  manuscript  and 
offered  valuable  suggestions. 

Stratigraphy.  The  late  Palaeozoic  strata  of  British  Honduras  lie  to  the  north-east  of  the 
east-west  belt  of  late  Pennsylvanian  and  early  Permian  shale  and  limestone  that  crop  out 
discontinuously  from  Chiapas,  Mexico,  into  eastern  Guatemala.  Jn  Chiapas  and  Guate- 
mala this  late  Palaeozoic  sequence  is  dominantly  composed  in  its  upper  part  of  limestone 
and  dolomite  which  have  been  named  the  Grupera,  La  Vainilla,  and  Paseo  Hondo 
Formations  in  Chiapas  and  the  Chochal  Limestone  in  Guatemala.  In  its  lower  part  in 
this  central  American  region  the  sequence  is  composed  of  the  Santa  Rosa  Shale  which 
gradually  increases  in  thickness  eastward  along  this  belt  of  exposures  (Kling  1960). 
Roberts  and  Irving  (1957,  pi.  1)  and  Kling  (1960,  p.  638)  showed  outcrops  of  the  Santa 
Rosa  Formation  as  far  east  as  the  Sarstoon  River  on  the  southern  boundary  of  British 
Honduras. 

In  south  central  British  Honduras  the  late  Palaeozoic  section  is  dominantly  sandstone 
at  its  base  and  shale  interbedded  with  a few  beds  of  limestone  in  its  upper  part.  These 
beds  are  called  the  Macal  Series  (Dixon  1956)  in  the  central  part  of  British  Honduras 
where  they  reach  9,000  feet  in  thickness  (text-fig.  1). 

The  following  comments  on  the  stratigraphy  of  the  Macal  Series  are  compiled  from 
the  excellent  and  detailed  report  by  Dixon  (1956,  pp.  17-23).  This  series  crops  out 
principally  in  the  structural  basin  that  is  drained  by  the  Macal  River  (text-fig.  2).  It 
unconformably  overlies  the  metamorphosed  Maya  Series  and  is  in  turn  overlain  uncon- 
formably  by  various  Cretaceous  strata.  A porphyritic  intrusive  in  the  southern  part  of 
the  highlands  appears  to  be  younger  than  the  Macal  but  older  than  the  Cretaceous.  The 
Macal  Series  is  divisible  into  the  Macal  Sandstone  Group  below  and  the  Macal  Shale 
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MACAL  RIVER 
BRITISH  HONDURAS 


TEXT-FIG  1.  Columnar  sections  and  possible  correlation  of  late  Palaeozoic  strata  in  Central  America 
based  in  part  on  data  from  Thompson  and  Miller  (1944),  Dixon  (1956),  and  Kling  (1960).  Outline 

indicates  area  of  text-fig.  2. 


Group  above.  The  Sandstone  Group  has  conglomerate  at  its  base  that  includes  cobbles 
and  boulders  of  quartzite,  phyllite,  quartz,  and,  locally,  granite  which  were  apparently 
derived  from  the  granitic  masses  that  intruded  and  metamorphosed  the  Maya  Series. 
The  conglomerate  changes  upward  into  sandstone  and  the  sandstone  becomes  inter- 
bedded  with  shale  in  its  upper  part.  This  Group  passes  gradationally  into  the  overlying 
Macal  Shale  Group.  As  the  Macal  Sandstone  Group  is  considerably  thicker  in  the 
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north-eastern  part  of  the  outcrop  and  the  Macal  Shale  Group  is  correspondingly  thinner, 
a facies  relationship  is  suggested. 

Within  the  Macal  Shale  Group  a 50-  to  100-foot  sequence  of  crinoidal  limestone 
forms  a distinctive  marker  bed  that  lies  near  the  middle  of  the  group  in  the  south  (text- 
fig.  1).  This  is  one  of  the  few  limestones  in  the  group  and  one  of  the  few  which  contains 
abundant  fossils.  Other  thinner  limestones  occur  higher  in  the  sequence  but  are  generally 
sparsely  fossiliferous.  From  the  lower  part  of  the  Macal  Series  Dixon  (1956,  p.  17) 
collected  brachiopods  that  were  identified  by  Muir-Wood  as  late  Pennsylvanian  in  age, 
and  from  the  upper  part  the  ammonoid  Perrinites  hilli  (Smith)  which  is  a diagnostic 
Leonardian  species. 

The  collections  described  in  this  report  were  made  by  L.  H.  Ower  in  1922  and  are  from 
two  localities  (text-fig.  2),  Rio  Trio  (Collection  1)  and  Bald  Hills  (Collection  2).  Rio  Trio 
or  Trio  Branch  of  the  Monkey  River  flows  across  a faulted  block  of  the  Macal  Shale 
Group  12  to  20  miles  north-west  of  the  coastal  town  of  Monkey  River.  Wilson  (1885) 
and  Sapper  (1899)  collected  from  a thin  crinoidal  limestone  along  Rio  Trio  and  reported 
fusulinids,  and  it  is  from  this  8-mile  belt  that  Ower  apparently  obtained  Collection  1 . 
‘Bald  Hills’  apparently  refers  to  Baldy  Beacon  and  Baldy  Sibun  about  6 miles  south  of 
the  Northern  Boundary  fault  and  about  37  miles  west  of  the  coastal  town  of  Stann 
Creek.  Dixon  (1956,  p.  20)  refers  to  a fossiliferous  locality  in  the  Macal  Shale  Group 
mentioned  by  Ower  that  was  about  6 miles  south  of  Baldy  Beacon,  and  Collection  2 
appears  to  be  from  this  fossiliferous  locality. 

The  specimens  in  both  collections  are  poorly  preserved.  The  fossils  in  the  sample  from 
Rio  Trio  (Collection  1)  are  partially  replaced  by  secondary  sparry  calcite,  marcasite, 
dolomite,  and  the  rock  is  cut  by  numerous  fractures  filled  with  clear  calcite  and  by 
styolites.  The  walls  of  specimens  of  Stajfella  are  completely  formed  of  clear  secondary 
calcite  (sparry  calcite)  and  are  surrounded  by  a dark,  fine-grained  matrix.  Fusulinids  are 
abundant  in  this  collection.  The  fine-grained  limestone  sample  from  near  Bald  Hills 
(Collection  2)  has  only  a few  scattered,  broken,  and  distorted  specimens  of  fusulinids 
having  a keriothecal  wall  such  as  that  found  in  Schwagerina  but  these  specimens  are  not 
identifiable  to  genus.  This  laminated  limestone  has  crinoidal  fragments  and  light  and 
dark  layers  of  calcilutite.  The  laminae  are  warped  and  irregularly  folded  suggesting  dis- 
tortion, perhaps  as  a result  of  nearby  faulting. 

FusuUnid  assemblages.  The  abundant  fusulinids  from  Collection  1 include  Schwagerina 
griiperaensis  Thompson  and  Miller,  Schwagerina  sp.  A,  Eoverbeekina  aff.  E.  americana 
Thompson  and  Miller,  Ozawainella?  sp.,  and  a small  form  of  Stajfella.  This  assemblage 
is  closely  similar  to  that  reported  by  Thompson  and  Miller  (1944)  from  the  Grupera 
Formation  of  southern  Chiapas,  Mexico.  A tentative  correlation  of  these  late  Palaeo- 
zoic strata  of  Central  America  is  shown  in  text-fig.  2.  Schwagerina  gruperaensis  is  known 
from  the  Chochal  Limestone  of  Guatemala  (Kling  1960)  and  from  the  Grupera  Form- 
ation of  southern  Chiapas,  Mexico  (Thompson  and  Miller  1944),  where  it  occurs  with 
or  below  such  fusulinids  as  S.  chiapasensis  Thompson  and  Miller,  S.figueroai  Thompson 
and  Miller,  and  Paraschwagerina  roveloi  Thompson  and  Miller.  As  Thompson  and 
Miller  (1944,  p.  486)  and  Ross  (1960,  p.  122)  noted,  the  species  in  this  assemblage  from 
Chiapas  are  advanced  in  their  stages  of  evolution  and  are  equivalent  to  the  fusulinid 
assemblages  in  the  younger  part  of  the  Wolfcampian  Series. 
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Thus,  although  Schwagerina  gruperaemis  is  closely  similar  in  appearance  to  S. 
guembeli  from  the  basal  part  of  the  standard  Leonardian  Series,  its  associated  species 
in  Chiapas  and  Schwagerina  sp.  A in  British  Honduras  strongly  suggest  that  this  fusu- 
linid  zone  of  S.  gruperaensis  which  extends  across  Central  America  includes  rocks  of 
late  Wolfcampian  (Lenox  Hills)  age  (text-fig.  1). 


TEXT-FIG.  2.  Geologic  sketch  map  of  south  central  British  Honduras  showing  location  of  the  two 
collections  studied.  The  map  is  generalized  from  the  detailed  geologic  map  by  Dixon  (1956).  c,  Plio- 
cene to  Recent,  Cayo  Series  and  coastal  deposits;  t.  Eocene,  Toledo  Beds;  l,  ls,  Cretaceous  lime- 
stone, dolomite,  and  other  sediments;  p,  porphyry  intrusive  rocks;  M2,  Mi,  upper  Pennsylvanian 
to  middle  Permian  Macal  Series:  g,  granitic  intrusive  rocks;  s,  pre-upper  Palaeozoic  Maya  Series 

(slates  and  metamorphosed  sediments). 

Many  of  the  fusulinid  species  described  by  Thompson  and  Miller  (1944)  and  Kling 
(1960)  from  younger  beds  in  the  late  Palaeozoic  rocks  of  Central  America  show  many 
similarities  to  assemblages  from  the  coarse-grained  limestones  of  the  Leonardian 
Series,  Glass  Mountains,  west  Texas  (Ross  and  Oana  1961 ; Ross  1961 ; Ross  1962,  text- 
fig.  2). 
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SYSTEMATIC  DESCRIPTIONS 
Genus  schwagerina  Moller,  1877 
Schwagerina  gruperaensis  Thompson  and  Miller 
Plate  46,  figs.  1-9 

1944  Thompson  and  Miller,  p.  495,  pi.  79,  figs.  1-4. 

1960  Kling,  p.  638,  pi.  78,  figs.  7-10. 

Description.  Thickly  fusiform  tests  that  commonly  reach  7-5  mm.  in  length  and  2-2  mm. 
in  diameter  in  six  volutions.  The  proloculus  ranges  from  0-2  to  0-4  mm.  outside  diameter 
and  the  first  volution  is  subglobose  (Plate  46,  fig.  8).  Succeeding  volutions  become  sub- 
cylindrical  across  the  middle  of  the  test,  and  the  lateral  slopes  are  abrupt,  steep,  and 
nearly  straight  and  end  in  sharply  pointed  poles.  These  features  give  the  test  a crudely 
hexagonal  outline  in  axial  sections.  The  axis  of  coiling  is  straight. 

Measurements  of  Schwagerina  gruperaensis  (Plate  46) 
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alveolar  in  the  outer  volutions  (Plate  46,  figs.  1,  7).  The  septa  are  closely  spaced  and 
folded  into  high,  regularly  spaced  folds  that  reach  two-thirds  of  the  chamber  height  and 
commonly  have  flattened  crests.  These  thin  septa  are  a fine  mesh  of  minute  septal  pores. 

The  narrow  tunnel  follows  a regular  path  and  its  margins  are  difficult  to  delimit 
because  of  the  lack  of  chomata.  The  tunnel  height  reaches  about  one-half  that  of  the 
chambers.  Secondary  deposits  coat  the  septal  folds  and  tend  to  fill  the  folds  near  the 
axis  and  at  the  shoulder  of  the  lateral  slopes  in  the  early  volutions  (Plate  46,  figs.  2,  3,  5, 
6,  8).  In  twelve  tangential  thin  sections  only  one  (extensively  recrystallized)  showed 
apparent  cuniculi  (Plate  46,  fig.  9)  and  it  is  doubtful  if  this  is  an  original  feature  of  the 
test.  The  species  is  therefore  retained  in  the  genus  Schwageriiia. 

Remarks.  ScJnvagerina  gruperaensis  is  closely  similar  in  size,  shape,  and  many  internal 
structures  to  specimens  of  5.  guembeli  Dunbar  and  Skinner  from  the  upper  part  of  the 
zone  of  S.  crassitectoria  in  the  Hess  Member,  Leonard  Formation,  Glass  Mountains, 
Texas  (Ross  1960,  p.  124).  It  differs  from  S.  guembeli  in  having  more  closely  spaced  septal 
folds  and  heavier  secondary  deposits  and  in  being  slightly  larger  per  corresponding 
volution.  The  specimens  of  S.  gruperaensis  illustrated  by  Kling  (1960,  pi.  78,  figs.  7-10) 
from  Guatemala  have  several  additional  volutions  in  comparison  to  specimens  from 
British  Honduras. 

Oceurrenee.  Sehwagerina  gruperaensis  is  common  in  samples  from  Collection  1,  Rio 
Trio,  British  Honduras,  and  from  the  middle  part  of  the  Chochal  Limestone  of  Guate- 
mala (Kling  1960,  p.  649).  The  type  specimens  are  from  the  Grupera  Formation  in 
southern  Chiapas,  Mexico  (Thompson  and  Miller  1944,  p.  496). 

Sehwagerina  sp.  A 
Plate  46,  figs.  10-17 

Diseussion.  Fusiform  tests  of  six  to  six  and  a half  volutions  that  commonly  reach  4-8  mm. 
in  length  and  L6  mm.  in  diameter.  The  proloculus  is  commonly  small,  OTO  to  0T6  mm. 
outside  diameter,  and  the  first  and  succeeding  volutions  are  low  and  elongate.  The  lateral 
slopes  are  gently  rounded  and  meet  in  sharply  pointed  poles  (Plate  46,  figs.  10,  15,  16). 

The  wall  is  thin  and  is  composed  of  a thin  tectum  and  finely  alveolar  keriotheca.  The 
septa  are  folded  into  low,  regularly  spaced  folds  that  are  about  one-half  chamber 
height;  the  upper  part  of  the  septa  are  nearly  planar  (Plate  46,  figs.  10,  14,  17). 

The  tunnel  follows  a straight  path  in  the  midplane  and  the  tunnel  angle  increases 
from  about  25  degrees  in  the  first  volution  to  40  degrees  in  the  fifth.  Chomata  are  lack- 
ing. Secondary  deposits  commonly  thicken  the  septal  folds  along  the  axis  and  in  the 
lateral  regions  of  the  chambers.  These  deposits  tend  to  be  discontinuous  and  not  con- 
sistently located  in  all  specimens. 

Remarks.  Specimens  of  Sehwagerina  sp.  A are  commonly  fractured  and  are  in  part 
recrystallized  so  that  the  original  structure  of  the  wall  and  septa  are  usually  poorly  pre- 
served. The  keriotheca  is  commonly  thin  or  missing  or  has  been  replaced  by  coarse 
sparry  calcite  or  pyrite.  The  species’  small  size,  low  chambers,  and  fusiform  shape 
separate  it  from  most  other  described  species  of  Sehwagerina.  In  many  of  its  features  it 
resembles  Sehwagerina  tersa  Ross  (1959)  from  the  Lenox  Hills  Formation  (upper  part 
of  the  Wolfcampian  Series),  Glass  Mountains,  Texas,  but  S.  tersa  differs  in  having 
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higher  volutions  and  higher  septal  folds.  Schwagerina  cf.  S.  emaciata  (Beede)  described  by 
Dunbar  and  Newell  (1946,  p.  469)  from  Bolivia  is  closely  similar  to  Schwagerina  sp.  A 
in  size  and  shape,  but  it  has  vestiges  of  pseudochomata  and  higher,  more  irregular, 
folded  septa. 

Occurrence.  Collection  1,  Rio  Trio,  British  Honduras. 


Measurements  of  Schwagerina  sp.  A (Plate  46) 
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Genus  eoverbeekina  Lee  1933 
Eoverbeekina  aff.  E.  amerieana  Thompson  and  Miller 
Plate  46,  fig.  19 

1944  AfF.  E.  amerieana  Thompson  and  Miller,  pp.  492-3,  pi.  80,  figs.  3-6,  pi.  83,  figs.  3-7. 
1960  Kling,  p.  647,  pi.  78,  figs.  1-6. 

Discussion.  These  subglobose  tests  have  diameters  of  1 -7  mm.  and  lengths  of  TO  to  1 -2 
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mm.  in  eight  to  nine  volutions.  The  poles  are  progressively  more  strongly  umbilicate 
in  each  succeeding  volution.  Their  walls  are  thin  and  commonly  recrystallized  to  clear 
calcite  so  that  the  structure  of  the  spirotheca  and  septa  is  poorly  shown.  A tectum  and  a 
light,  translucent  inner  layer  having  what  appears  to  be  very  fine  alveoli  are  present. 
A dark  band  at  the  base  of  the  translucent  layer  may  be  a Becke  line  at  the  boundary 
between  the  recrystallized  wall  and  the  sparry  calcite  filling  the  test.  These  specimens  are 
crushed  and  are  smaller,  but  the  heights  of  the  chambers  at  corresponding  volutions  are 
similar  to  those  of  the  type  specimens  described  by  Thompson  and  Miller  (1944,  p.  492) 
and  the  specimens  described  by  Kling  (1960,  p.  647)  from  Guatemala. 

Occurrence.  Collection  1,  Rio  Trio,  British  Honduras. 


Measurements  of  Eoverbeekina  aflF.  E.  americona  (Plate  46, 

fig.  19) 
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EXPLANATION  OF  PLATE  46 

Figs.  1-9.  Schwagerina  gruperaeusis  Thompson  and  Miller,  Macal  Shale  Group,  Rio  Trio,  British 
Honduras.  1,  Oblique  sagittal  section  showing  coarse  alveoli,  BMNH  P44714,  x 20.  2,  Axial  sec- 
tion, BMNH  P44715,  X 10.  3,  5,  Slightly  oblique  axial  sections,  BMNH  P44716  and  P44717,  x 10. 
4,  Sagittal  section  BMNH  P39 145,  X 10.  6,  Deep  tangential  section,  BMNH  P447 18,  X 10.  7,  Shal- 
low tangential  section  cutting  the  outer  three  volutions,  BMNH  P44719,  X 10.  8,  Axial  section  show- 
ing shape  of  early  volutions  and  low  tunnel,  BMNH  P44720,  X 20.  9,  Tangential  section  close  to 
base  of  a volution  showing  apparent  low,  narrow  cuniculi  that  may  be  the  result  of  recrystallization 
of  the  septa;  clear  area  to  right  of  cuniculi  has  recrystallized  sparry  calcite,  BMNH  P44721,  X 20. 

Figs.  10-17.  Schwagerina  sp.  A,  Macal  Shale  Group,  Rio  Trio,  British  Honduras.  All  figures  X 10. 
10,  Axial  section,  BMNH  P39146.  11,  Tangential  section,  BMNH  P39147.  12,  15,  Axial  sections, 
BMNH  P44722  and  P44723.  13,  Deep  tangential  section,  BMNH  P39144.  14,  Shallow  tangential 
section  BMNH  P39148.  16,  Deep  tangential  section,  BMNH  P39149.  17,  Shallow  tangential  sec- 
tion, BMNH  P39146. 

Fig.  18.  Tetrataxis  sp.  Macal  Shale  Group,  Rio  Trio,  British  Honduras.  Axial  section,  BMNH  P44726, 

x20. 

Fig.  19.  Eoverbeekina  aflf.  E.  americana  Thompson  and  Miller,  Macal  Shale  Group,  Rio  Trio,  British 
Honduras.  Axial  section,  BMNH  P44724,  X 20. 

Fig.  20.  Ozawainella?  sp.,  Macal  Shale  Group,  Rio  Trio,  British  Honduras.  Axial  section,  BMNH 
P44725,  X50. 
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Discussion.  Several  specimens  of  small  discoid  Foraminifera  occur  in  Collection  1 
from  Rio  Trio.  They  reach  0-64  mm.  in  diameter  and  0-24  mm.  in  length  in  three  volu- 
tions. The  wall  is  composed  of  a tectum  and  a translucent  layer  below  having  fine  striae. 
The  septa  are  planar  and  the  chomata  are  small  and  inconspicuous.  Of  particular  note 
is  the  high  outward  extension  of  the  chomata  over  the  midplane  of  the  test  and  the 
abrupt  flexing  of  the  lateral  slopes  to  form  broadly  rounded  shoulders  (Plate  46,  fig.  20). 

The  specimens  have  much  in  common  with  Ozawainella  but  the  high  chamber  across 
the  midplane  is  reminiscent  of  small  specimens  of  Reichelina.  The  lack  of  strong  chomata 
and  heavy  outer  tectorial  deposits  leads  me  to  consider  these  specimens  as  probably 
belonging  to  Ozawainella. 


Measurements  of  Ozawainella?  sp.  (Plate  46,  fig.  20) 
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Tetrataxis  sp. 

Plate  46,  fig.  1 8 

Discussion.  Test  has  trochoid,  spiral  arrangement  of  the  chambers  and  reaches  0-4  mm. 
in  breadth  and  0-4  mm.  in  height  in  six  whorls.  Tetrataxis  sp.  differs  from  most  other 
species  of  Tetrataxis  m having  a notably  higher  and  steeper  spiral.  It  shows  similarities 
to  T.  nn'Ilsapensis  Cushman  and  Waters  (1928)  but  it  has  a deeper  umbilical  indentation. 

Occurrence.  Collection  1,  Rio  Trio,  British  Honduras. 
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NEW  UPPER  CARBONIFEROUS  NON-MARINE 
LAMELLIBRANCHS 

by  R.  M.  C.  EAGAR 


Abstract.  Two  anthracosiid  assemblages  from  the  upper  part  of  the  lenisulcata  Zone  of  the  Leinster  (Castle- 
comer)  Coalfield,  Ireland,  one  from  Co.  Tipperary  (Slieveardagh)  Coalfield,  Ireland,  and  one  from  Glynneath, 
Glamorgan,  South  Wales,  have  been  measured  and  are  extensively  illustrated.  The  results  bear  on  relationships 
between  the  morphological  species  Caibonicola  extemiata,  C.  crispa  and  C.  proxima  Eagar,  C.  extima,  and  C. 
pontifex  spp.  nov.  The  latter  are  described  with  Naiadites  hibeniicus  sp.  nov.  from  the  Upper  Namurian  of 
Leinster,  and  Anthracouaia  fugax  sp.  nov.,  a name  for  shells  from  the  communis  Zone  of  the  Burnley  Coal- 
field first  described  by  Hind  (1893)  who  referred  them  to  Anthracomya  wardi  (Salter).  Notes  are  added  on 
Anthracouaia  fabaformis  (Kinahan)  from  Leinster  and  Tipperary.  The  work  has  led  to  the  correlation  of 
Ward’s  Seam  of  the  Leinster  Coalfield  with  the  Upper  Glengoole  Coal  of  Tipperary.  Near  the  top  of  the 
lenisulcata  Zone,  faunas  of  Caibonicola  suggest  the  approximate  correlation  of  the  Coalbrook  Band  of 
Tipperary,  the  Glynneath  (Cj)  Band  and  the  Norton  Musselband  of  the  East  Pennines. 


Some  non-marine  faunas  from  horizons  in  the  Leinster  ancd  Tipperary  Coalhelds  (see 
Eagar  in  Nevill  1956,  1962)  are  described  in  ascending  sequence  (text -fig.  1).  The  faunas 
are  discussed  vis-a-vis  the  Pennine  succession  where,  in  most  cases,  material  from 
supposedly  equivalent  horizons  is  known  mainly  from  borings  and  is  consequently  limited 
(Eden  1957,  Eagar  1956).  The  Coalbrook  Band  of  Tipperary  is  also  compared  with  that 
of  Glynneath  (Leitch,  Jones,  and  Owen  1958,  p.  465,  C^).  The  systematic  description  of 
new  species  forms  the  second  part  of  the  paper. 

I am  grateful  to  Dr.  W.  E.  Nevill,  of  University  College,  Cork,  for  advice  on  localities  and  assistance 
in  the  field;  also  to  Mr.  M.  V.  O'Brien,  Director  of  the  Geological  Survey  of  Ireland,  who  permitted 
me  to  borrow  specimens  and  to  reproduce  parts  of  the  records  of  the  Copley’s  Bridge  and  Kilgorey 
Boreholes  and  the  sketch-map  of  text-fig.  1 . Officers  of  Mr.  O’Brien’s  staff  have  given  me  courteous 
assistance,  especially  Mr.  M.  O’Meara  and  Miss  Dilys  Jones.  For  the  loan  of  material  I am  also  in- 
debted to  Dr.  F.  W.  Anderson,  of  the  Geological  Survey  of  Great  Britain,  to  Mr.  W.  D.  Ware  and  to 
the  Trustees  of  the  British  Museum  (Natural  History).  Mr.  D.  G.  Jones,  of  King’s  College,  University 
of  London,  very  kindly  collected  non-marine  material  for  me  from  a locality  near  Glynneath. 


A NAIADITES  FAUNA  OF  UPPER  NAMURIAN  (Gj)  AGE  IN  LEINSTER 

Small  Naiadites,  including  some  uncrushed  specimens,  have  been  found  with  occa- 
sional Carbonicoki  sp.  in  Aghamucky  Borehole,  from  32  to  25  feet  below  the  base  of  the 
marine  band  yielding  Gastrioceras  cumbriense  Bisat  (text-fig.  1).  The  same  fauna  is 
apparently  represented  by  poorly  preserved  Naiadites  with  Carbouicola  atf.  pseiidaciita 
and  C.  cf.  ienicurvata  Trueman  28  feet  below  the  G.  ewnbriense  horizon  in  Jar  row 
Borehole,  If  miles  north-north-east  of  Aghamucky  (see  Nevill  1956,  pi.  hi).  The  fauna 
is  also  I'epresented  in  Killeshin  Glen,  towards  the  eastern  margin  of  the  coalfield 
(Eagar  in  Nevill  1956,  p.  12). 

The  Naiadites  fauna  consists  of  small,  sharply  beaked,  carinate  to  subcarinate  shells 
having  a medium  degree  of  obliquity  and  with  umbones  which  do  not  rise  appreciably 

[Palaeontology,  Vol.  5,  Part  2,  1962,  pp.  307-39,  pis.  47-48.] 
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above  the  line  of  hinge  of  the  shell  (text-fig.  14a-d,  g-j;  Plate  47,  figs.  16,  17).  Such 
forms,  which  have  been  compared  with  Naiadites  productus  and  N.  subtnmcatus  Brown, 
have  long  been  known  from  beds  of  the  uppermost  Namurian  and  of  the  lower  part  of 
the  lenisidcata  Zone  of  the  Pennine  Coalfields  (Wray  and  Melmore  1931,  p.  41;  Wray 
and  Trueman  1931,  p.  71;  Eagar  1953n,  pp.  173-4;  Trueman  and  Weir  1955,  p.  232, 
pi.  XXX,  fig.  39).  A new  species,  Naiadites  hibernicus,  representative  of  this  stratigraphically 
useful  group  of  shells,  is  described  in  the  systematic  section,  where  the  variation  of  the 
fauna  is  discussed  in  detail. 

FAUNAS  OF  ward’s  SEAM  AND  THE  UPPER  GLENGOOLE  COAL 

Some  shells  from  the  Anthraconaia  fauna  above  Ward’s  Seam  of  the  Leinster  Coal- 
field were  illustrated  by  Hind  (1896,  pi.  xvii,  figs.  3-7).  The  fauna  is  widely  variable, 
notably  in  the  lateral  outline  of  the  larger  shells  (with  lengths  greater  than  25  mm.) 
which  may  be  found  locally  up  to  60  feet  above  the  coal.  Many  of  the  smaller  specimens, 
however,  especially  those  which  occur  as  uncrushed  internal  moulds  of  juxtaposed 
valves  in  the  foot  or  so  of  measures  immediately  overlying  the  coal,  have  distinctive  solid 
form  and  are  referable  to  the  group  of  Anthraconaia  fabafonnis  (Kinahan)  (Plate  47, 
figs.  1^7-c,  la,  b).  The  umbones  have  well-defined  tips  which  in  dorsal  view  are  closely 
set,  and  in  lateral  view  rise  appreciably  above  the  median  ridge  representing  the  line 
of  junction  of  the  hinge-plates  posterior  to  the  umbo.  The  anterior  end  is  blunt  in  lateral 
view  and  evenly  swollen,  the  relatively  high  anterior  lobe  bearing  a small  shallow  lunule 
with  sharply  defined  edges.  The  sides  of  the  mould  are  gently  swollen,  being  without 
trace  of  the  oblique  carinal  tumescence  or  line  of  turn  on  the  surface  which  characterizes 
Anthraconaia-like  forms  of  the  lenisidcata  Zone  in  Britain. 

The  shell  of  Anthraconaia  fabafonnis  was  obviously  thin  and  quite  commonly  appears 
to  have  been  broken  or  distorted  in  the  region  of  the  posterior  inferior  angle,  so  that 
there  is  often  a suggestion  of  gape  along  the  posterior  margin. 

The  foregoing  characters  of  shell  and  mould  have  been  found  at  no  other  horizon  in 
the  Leinster  succession,  nor  are  they  known  on  any  other  horizon  in  the  lenisidcata, 
communis,  and  modiolaris  Zones  of  the  British  Coat  Measures.  The  same  characters, 
however,  reappear  in  the  larger  specimens  of  twenty  Anthraconaia,  ranging  in  length 
from  4 to  12  mm.  (Plate  47,  fig.  3)  collected  by  Dr.  W.  E.  Nevill  from  spoil  heaps  over 
the  outcrop  of  the  Upper  Glengoole  Coal  of  the  Slieveardagh  Coalfield  near  Bregaun 
Hill  and  Commons  Village.  Both  the  Leinster  and  Tipperary  faunas  contain  also 
Naiadites  hibernicus  sp.  nov.  The  Upper  Glengoole  Coal  lies  about  the  same  distance 
above  the  Gastrioceras  listen'  Marine  Band  as  does  Ward’s  Seam  (text-fig.  1)  and  both 
coals  lie  above  sandstones  of  comparable  type  and  thickness  (Nevill  1957,  p.  317).  The 
faunal  comparison  thus  strongly  supports  stratigraphical  evidence  that  the  Upper  Glen- 
goole Coal  should  be  correlated  with  Ward’s  Seam. 

The  fauna  from  Bregaun  Hill  includes  one  internal  mould  ( Plate  47,  fig.  4)  which  shows 
what  appears  to  be  an  impression  of  a long  lamellar  groove  on  the  hinge  runningparallel 
to  its  edges  from  about  3 mm.  behind  the  umbo  (where  the  vertical  median  ridge  is 
broken)  to  about  5 mm.  behind  it,  where  the  groove  becomes  shallow  and  dies  out. 
The  structure  appears  comparable  with  the  grooves  on  the  mould  of  Anthraconaia 
modiolaris  figured  and  discussed  by  Hind  (1895,  pi.  xiv,  fig.  32)  who  supposed  the  lamel- 
lar structure  to  indicate  a long  posterior  lateral  tooth.  Discussing  the  specimen.  Dr.  J. 
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TEXT-FIG.  1.  Parts  of  boreholes  and  a section  in  the  Lower  Coal  Measures  and  uppermost  Millstone 
Grit  of  south-east  Ireland.  Thicknesses  of  coals  are  not  shown  to  scale. 
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Weir  {in  litt.  to  the  author,  1957)  considered  that  the  rectilinear  grooves  which  have  been 
seen  on  the  rarely  exposed  hinge  region  of  Anthraconaia  from  the  modiolaris  Zone  were 
homologous  with  the  better-known  grooves  on  the  ligamental  area  of  Naiadites  (for 
example  Dix  and  Trueman  1931,  fig.  6;  Trueman  and  Weir  1955,  text-fig.  30c);  and 
that  they  were  not  articular  but  ligamental  in  origin.  Anthraconaia  appears  to  have  been 
edentulous,  with  myalinid  type  of  hinge  pattern.  Hinge-plates  of  Anthraconaia  oblonga 
(Wright),  subsequently  obtained  from  the  Lo'wer  similis-pidchra  Zone  of  Wakefield  West- 
gate  Brickworks  (Eagar  and  Rayner  1953),  reveal  similar  structures  to  that  first  observed 
by  Hind,  but  fully  support  the  contention  of  Dr.  Weir  and  the  writer  that  the  grooves 
contained  part  of  the  ligament.  The  Tipperary  hinge  is  not  only  important  in  supporting 
evidence  from  previously  discovered  rare  specimens,  it  also  provides  the  earliest  record 
indicating  what  appears  to  be  a myalinid  feature  amongst  the  varied  group  of  non- 
marine shells  included  within  the  genus  Anthraconaia. 

FAUNAS  OF  CARBONICOLA  EXTENUATA 

(a)  The  material  and  its  separation.  Nine-inch  cores  from  Kilgorey  Borehole  (text-fig.  1) 
have  yielded  well-preserved  Carbonicola  in  abundance  from  23  to  25  feet  below  the  top 
of  the  lower  main  seam  of  the  Double  Fireclays  and  approximately  140  feet  above 
Ward’s  Seam.  Both  small  and  large  shells,  apparently  constituting  two  separate  bio- 
species (text-fig.  2),  occur  together  in  courses,  an  inch  or  so  in  thickness,  in  medium 
to  coarse-grained  dark  shaly  mudstones  (c.  Grades  4 and  5 of  Eagar  1947,  p.  13).  On 
currently  accepted  criteria  (e.g.  Broadhurst  1959,  p.  533,  Eagar  1961,  p.  137),  the  band 
evidently  represents  a life  assemblage.  Although  nearly  all  the  larger  individuals  are 
slightly  smaller  than  the  holotype  of  Carbonicola  extenuata  Eagar  (text-fig.  2,  text- 
fig.  3l-o,  Q-w),  a number  of  forms,  notably  those  illustrated  as  text-fig.  3v,  s,  and  t, 
show  the  essential  characters  of  this  species.  Several  other  shells  compare  with  previously 
figured  variants  of  the  C.  extenuata  group  (e.g.  in  text-fig.  3 and  Eagar  1956,  fig.  6, 
compare  respectively  Q with /,  o with  g;  compare  also  text-fig.  4g  with  Eagar  1956,  fig.  6c). 

The  holotype  of  the  new  species  Carbonieola  extima  (text-fig.  3b;  Plate  48,  fig.  2)  has 
been  selected  from  the  smaller  shells  and  is  described  below ; also  the  separation  of  the 
two  groups  is  briefly  discussed.  In  text-fig.  2,  the  fitted  lines  represent  the  following 
equations : 

H = 0-487  L-0-97  (i) 

for  the  Carbonieola  extenuata  group,  and 

H = 0-355  L+ 1-46  (ii) 

for  the  small  shells  including  C.  extima. 

Calculation  of  the  statistic  z (Imbrie  1956,  p.  237)  indicates  that  the  slopes,  as  well  as  the 
displacements  of  these  lines,  are  significantly  different  at  the  95  per  cent,  level. 

A second  fauna,  containing  C.  extenuata  (text-fig.  4;  Plate  48,  fig.  1)  and  occasional 
C.  extima  (Plate  48,  fig.  3),  was  collected  on  what  appears  to  be  the  same  horizon  as  that 
of  Kilgorey  (about  1 50  feet  above  Ward’s  Seam)  in  a stream  section  near  Swan  village, 
4f  miles  north-north-west  of  Kilgorey  Borehole.  Shells  occur  through  13  inches  of 
rather  coarsely  grained  ferruginous  mudstone  and  ironstone,  much  of  the  material 
consisting  of  uncrushed  internal  and  external  moulds.  Although  most  of  the  shells 
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evidently  represent  a life  assemblage,  some  of  the  single  valves  are  presumed  to  have 
sutfered  a small  amount  of  movement  before  burial.  Plotting  of  the  height  and  length 
measurements  of  the  assemblage  of  sixty-eight  internal  moulds,  two  specimens  of  C. 
extima  being  omitted,  gave  a straight  path  with  fitted  line  having  the  equation : 


H = 0-542  L-2-64  (iii) 


TEXT-FIG.  2.  Height  plotted  against  length  of  shells  in  assemblages  of  Carbonicola  from  below  the 
Double  Fireclays,  Kilgorey  Borehole,  and  at  Swan,  Castlecomer  Coalfield,  with  comparative  measure- 
ments of  material  from  the  Pennines.  Of  the  numbered  shells  of  C.  exteimata,  1,  2,  4,  and  5 are  figured 
by  Eagar  1956,  figs.  6/,  7e,  la,  and  6a  respectively  (M.M.  LL1221,  1205,  1206,  1223).  3,  G.S.Bb.41 1,  is 
cited  (Eagar  1956,  p.  348). 

Inset:  frequency  polygon  for  height/length  ratio  for  C.  exteimata  from  Kilgorey  and  Swan. 

This  line  (text-fig.  2,  equation  (iii))  is  not  significantly  different  from  that  of  the  Kilgorey 
shells  (equation  (i)).  In  the  ensuing  account  of  the  faunas  the  Swan  and  Kilgorey  shells 
are  treated  together. 

{b)  General  description  of  the  fauna.  A number  of  shells  from  Swan  provide  perfect  im- 
pressions of  the  hinge-plate  which,  with  its  striated  irregular  surface  of  slight  mounds 
and  larger,  deeper  depressions,  or  sockets,  is  typical  of  the  Carbonicola  fallax  group 
(sensu  lato:  Eagar  1946,  p.  3). 

As  a whole  the  fauna  (Table  1)  consists  of  medium-  to  large-sized,  elongate,  rather 
gently  swollen  forms  which  lack  the  carina  and  usually  the  turn  on  the  surface  of  the 
shell  which  characterizes  members  of  the  C.  fallax  group  from  the  lower  and  middle 
lenisulcata  Zone  of  Britain  (Eagar  1954,  pi.  i,  figs,  vii,  ix,  x).  The  ventral  margin  of  the 
shell  curved  invariably  and  the  tapered  posterior  end  is  truncated,  typically  rather 
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TEXT-FIG.  3.  Faunas  of  Carbonicola  extima  sp.  nov.  (a-k),  and  C.  extemiata  Eagar  (l-w):  a,  b (holo- 
type),  C.  extima;  c-i,  K,  C.  aff.  extima;  j,  C.  extima  sp.  juv. : s,  t,  v,  C.  extemiata;  M,  N,  p,  R,  u,  w,  C. 
aflf.  extemiata;  l,  o,  q,  C.  cf.  obliqiia  Wright,  a,  f,  from  c.  70  ft.  above  the  Upper  Mountain  Mine, 
Bacup  district,  M.M.  LL1195A,  D.  Remainder  from  211  to  213  ft.,  Kilgorey  Borehole,  I.G.S.  K211/ 
1C,  E,  2A,  C,  3A-C,  4A,  5 A,  D,  F,  G;  K212/2A,  D,  F,  3 A,  B,  D,  E,  4A;  K213/2A.  Shells  b,  d,  i,  j,  l,  p, 
Q,  and  w drawn  as  mirror  images.  Approximately  natural  size. 


bluntly.  The  umbo  and  anterior  end  appear  somewhat  variable,  even  when  full  allow- 
ance is  made  for  considerable  thickness  of  shell  over  the  umbo  (compare  the  outlines 
shown  in  text-fig.  4c  and  d)  and  for  uneven  crushing  (as  seen  in  the  shells  of  text-fig.  3m, 
o,  r).  The  inflated  umbo  of  text-fig.  4d  is  uncommon,  the  umbones  being  typically  low 
and  without  inflation.  The  anterior  end  is  short,  ranging  mainly  between  19  and  26  per 
cent,  of  the  length.  It  is  bluntly  rather  than  fully  rounded  and  the  anterior  lobe  is  high. 

All  the  prevalent  features  of  the  fauna  summarized  above  are  characteristic  also  of  the 
holotype  of  Carbonicola  extemiata,  dimensions  of  which  are  plotted  in  text-fig.  2.  It  will 
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TEXT-FIG.  4.  Fauna  of  Carbonicola  extenuata  from  near  Swan,  Leinster  Coalfield.  A,  C.  extein/ata; 
B,  c,  F-H,  C.  aft',  extenuata-,  d,  C.  cf.  obliqua-,  E,  C.  cf.  acuta  (J.  de  C.  Sowerby).  i,  J,  m,  C.  cf.  proxima 
Eagar;  k,  l,  C.  sp.  a-d,  g.  i,  k-m,  M.M.  LL2682-90;  e,  f,  h,  j,  T.C.  CS/II/1  A,  D,  2A,  F.  Approximately 

natural  size. 

be  seen  that  other  Pennine  specimens  of  this  species  also  fall  along  the  extrapolated 
line  of  the  Kilgorey  fauna,  and  that  the  holotype  lies  towards  the  edge  of  the  scatter. 

In  Table  1 it  will  be  noticed  that  the  mean  value  of  obesity  (T)  for  the  Swan  assemblage 


TABLE  1 


Length  in 

}nni. 

HjL  ratio  % 

TjL  ratio  % 

AjL  ratio 

0/ 

/o 

■ 

Kilgorey 

Range 

24-8^6-8 

(21) 

Mean 

32-3 

Range 

4T8-50-9 

(21) 

'S 

Mean 

45-6 

Range  Mean 

y' 

Range 
18  0-26-4 
(10) 

Mean 

23-4 

Swan 

20-0-36-5 

(68) 

29-7 

390-540 

(68) 

45-2 

19-5-39-4  28-2 

(44) 

17-5-32-5 

(54) 

23-8 

Holotype 

47-5 

430 

220 

21-5 

Irish  faunas  of  the  Carbonicola  extenuata  group  compared  with  the  holotype  of  this  species,  from  Elland, 
Yorkshire. 

All  measurements  have  been  made  in  the  standard  directions  defined  by  Davies  and  Trueman  (1927,  p.  212). 
Figures  in  parentheses  denote  the  numbers  of  specimens  available  for  measurement. 

is  appreciably  higher  than  the  figure  for  the  holotype  of  C.  extenuata.  Part  of  this  differ- 
ence may  be  attributable  to  the  fact  that  the  holotype  is  larger  than  the  largest  members 
of  the  Swan  assemblage  in  which,  as  is  typical  in  faunas  of  the  lenisuleata  Zone  (Eagar 
1947,  p.  22),  increase  in  size  is  correlated  with  decrease  in  obesity. 
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(c)  Pattern  of  growth.  As  in  most  Pennine  specimens  of  the  Carbonicola  extemiata  group, 
a small  degree  of  oblique  growth  took  place  in  the  early  stages  of  the  development  of 
many  of  the  Leinster  shells  (e.g.  text-fig.  3n),  being  most  marked  in  Series  4A  of  text- 
fig.  5.  The  trend  towards  oblique  growth  appears  absent,  however,  in  certain  elongate 
forms  (e.g.  text-fig.  3s). 

Undoubtedly  the  height/length  ratio  of  the  Leinster  faunas  as  a whole  increased  con- 
siderably in  the  later  stages  of  growth.  For  instance,  measurement  reveals  that  ten  shells 


TEXT-FIG.  5.  Variation  and  distribution  diagrams  for  Carbonicola  extemiata  from  Kilgorey  and  Swan, 
Leinster  Coalfield.  In  the  distribution  diagram  black  circles  show  the  positions  of  the  figured  variants. 
Outlines  from  text-figs.  3 and  4,  including  also  M.M.  LL2691  (O)  and  T.C.  CS/11/2G  (P).  X 0-635. 


from  Kilgorey  at  a mean  length  of  23-1  per  cent,  had  a mean  H/L  ratio  of  36-7  per  cent., 
comparing  with  33-1  and  44-5  per  cent,  respectively  at  the  termination  of  growth.  These 
figures  show  precisely  the  pattern  of  growth  which  has  already  been  noted  in  the  C. 
extenuata  group  in  the  Pennines  (Eagar  1956,  p.  362). 

It  will  be  apparent  that  the  lines  representing  the  growth  of  individual  shells  in  terms 
of  height  and  length  are  considerably  steeper  than  the  fitted  lines  of  equations  (i)  and 
(iii)  of  text -fig.  2 and  that  many  of  them  must  cross  these  lines.  The  difference  between 
lines  of  individual  growth  and  the  fitted  line,  or  mass  curve,  of  the  assemblage  has  been 
noted  and  discussed  before  (Eagar  19536,  p.  153).  The  latter  is  an  empirical  formula,  of 
proved  value  in  the  systematics  of  Carboniferous  non-marine  shells,  but  with  a signi- 
ficance which  is  not  yet  understood. 

(d)  Variation.  In  the  pictograph  of  text-fig.  5 the  norm  (a)  is  a little  shorter  than  the  holo- 
type  of  Carbonicola  extenuata.  Tapering  of  the  lateral  outline  of  the  shell  towards  the 
posterior  with  blunt  truncation  and  a slight  increase  in  subumbonal  depth  leads  to 
Series  1 (b,  c).  The  same  morphological  trends,  but  without  increase  in  the  height  of  the 
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shell,  may  be  seen  in  Series  2 where,  in  (e),  there  is  further  elongation.  In  Series  3 the  pos- 
terior truncation  becomes  oblique,  the  posterior  ventral  angle  is  sharpened  (f)  and  the 
ventral  margin  becomes  more  rounded,  with  the  production  of  long,  oval  forms.  Further 
sharpening  of  the  posterior-ventral  angle  may  be  seen  in  text-fig.  4f  and  e,  the  latter  shell 
dilfering  from  CarbonicoJa  acuta  (J.  Sowerby)  in  being  more  elongate  and  with  lower 
umbones.  In  Series  4A  of  text-fig.  5 the  shells  are  again  characterized  by  oblique  trunca- 
tion with  a fairly  well-developed  posterior  ventral  angle,  but  in  progression  outward  from 
the  norm  the  shells  show  increase  in  H/L  and  A/L  ratios;  at  the  same  time  the  ventral 
margin  becomes  curved  so  that  the  later  forms  (k,  m)  approach,  but  do  not  reach,  the 
outline  of  Carbonicola  proxima  Eagar.  In  this  Series  the  umbones  become  increasingly 
prominent  in  lateral  outline  but  remain  relatively  narrow  and  show  a slight  forward  tilt 
due  to  oblique  growth  (see  preceding  section).  In  Series  4B  the  same  general  changes  in 
lateral  outline  take  place,  but  the  umbones  become  inflated  and  the  ventral  margin 
finally  attains  greater  curvature.  The  shell  illustrated  as  text-fig.  5n  and  4d  compares 
with  Carbonicola  obliqua  Wright  and  the  remaining  shorter  forms  of  this  Series  also 
show  some  similarity  to  certain  variants  of  the  C.  obliqua  assemblages  from  above  the 
horizon  of  the  Lower  Foot  Mine,  Goyf  s Moss,  Derbyshire.  For  instance,  in  text-fig.  5 
and  Eagar  1956,  fig.  5,  compare  respectively  o with  p,  Q with  k. 

Although  the  short  shells  of  Series  4A  and  B form  the  more  striking  variants  of  the 
Leinster  assemblage,  they  are  considerably  less  numerous  than  the  longer  forms.  The 
distribution  diagram  (text-fig.  5,  inset)  indicates  that  the  mode  lies  around  the  norm, 
especially  between  the  shells  (a),  (f),  (i),  (b),  and  (d),  and  that  Series  1 and  3 are  more 
strongly  represented  than  the  end  forms  of  Series  2. 

(e)  Comparison  with  Pennine  faunas.  Several  individual  variants  of  the  Leinster  faunas  of 
Carbonieola  compare,  often  closely,  with  shells  from  the  middle  and  upper  part  of  the 
lenisuleata  Zone  of  the  Pennine  Coalfields,  that  is  from  horizons  between  the  Lower 
Mountain  Mine  (Plate  48,  fig.  5a,  b)  and  the  Norton  Musselband.  The  best  comparisons 
may  be  found  between  modal  variants  of  the  Leinster  faunas  and  Pennine  shells  from 
the  upper  part  of  the  cyclothem  immediately  preceding  Tonge’s  Marine  Band.  On  this 
horizon  C.  extenuata  reaches  its  maximum  (Eagar  1956,  pp.  348-50)  and  comparison 
is  particularly  satisfactory  with  material  from  Jewel  Mill  Borehole  in  the  Burnley  Coal- 
field (Earp  and  Magraw  1957,  p.  26;  G.S.M.  JE1531-1608).  The  known  range  of  Car- 
bonicoJa extima  sp.  nov.  in  the  Pennines  also  suggests  this  horizon  as  the  most  likely 
correlative  of  the  Leinster  faunas. 

THE  COALBROOK  BAND,  TIPPERARY 
(o)  The  material  and  its  separation.  At  a small  exposure  in  Poynstown,  one  mile  north  of 
Coalbrook  Village,  Tipperary,  moderately  well  to  poorly  preserved  anthracosiid  shells 
may  be  found  through  16  inches  of  grey  ferruginous  shaly  siltstone  and  silty  mudstone. 
This  horizon,  referred  to  as  the  Coalbrook  Band,  has  been  estimated  by  Mr.  O’Brien  to 
lie  about  550  feet  above  the  Gastrioeeras  subcrenatum  Marine  Band  and  about  40  feet 
above  Pat  Maher’s  Vein  (text-fig.  1).  The  fauna  is  referable,  in  order  of  abundance,  to 
Carbonieola  crispa  Eagar  (text-fig.  8f,  g),  C.  proxima  (text-fig.  9b),  and  C.  pontifex  sp. 
nov.  (text-fig.  11b).  Amongst  190  shells  there  is  also  a single  specimen  of  ?Anthraeo- 
sphaerium  sp.  (text-fig.  11h).  No  internal  features  of  the  shells  have  been  seen. 
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A group  of  shells  including  Carbonicola  crispa  separate  clearly  from  the  relatively 
longer  and,  in  part,  larger  shells  of  the  remainder  (text-fig.  6).  Amongst  the  latter,  the 
strongly  oblique  growth  of  the  smaller-  and  medium-sized  shells,  including  C.  pontifex, 
is  striking.  The  resultant  solid  form  of  the  valves,  with  a distinct  hollow  anterior  to  the 
arched  carina  (text-fig.  11a-g),  renders  the  group  readily  distinguishable  by  eye  from 

.(55Z 


TEXT-FIG.  6.  Height  plotted  against  length  of  shells  of  Carbonicola  from  Coalbrook,  Tipperary,  with 
comparative  data  added  from  Pennine  and  Welsh  faunas. 


C.  proximo  and  allied  variants  (contrast,  for  instance,  the  umbones  shown  in  text-fig. 
llA-G  with  those  of  text-fig.  9g,  h).  Thus,  with  the  exclusion  of  rare  forms,  the  fauna 
falls  naturally  into  three  groups,  associated  with  C.  crispa,  C.  proximo,  and  C.  pontifex 
respectively.  Two  of  these  may  be  roughly  defined  with  respect  to  height  and  length  of 
the  shell  by  the  fitted  lines : 


H = 0-84L-8-67 

for  the  C.  proximo  group,  and 

H = 0-62  L-2-82 


(iv) 

(V) 


for  the  C.  pontifex  group. 

These  equations  represent  lines  which  are  significantly  different  in  slope  and  displace- 
ment. However,  in  view  of  the  difficulty  of  measuring  height  and  length  when  an  appre- 
ciable amount  of  oblique  growth  has  taken  place  in  the  shell,  it  might  reasonably  be 
contended  that  the  figures  on  which  equation  (v)  is  based  have  a larger  margin  of  error 
than  those  of  the  preceding  lines.  The  writer  would  not  deny  this,  but  stresses  that  the 
separation  of  the  C.  proximo  and  C.  pontifex  groups  is  usually  obvious  by  eye.  In  the 
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TEXT-FIG.  7.  Logarithms  of  shell  height  and  length  in  assemblages  of  Carbonicola  crispa  from  Coal- 
brook,  Tipperary,  and  Glynneath,  South  Wales. 

Glynneath  Band,  where  material  is  more  abundant  and  better  preserved,  separation  of 
these  two  groups  has  been  effected  by  measuring  the  lengths  and  anterior  ends  of  the 
shells  (text-fig.  12). 

The  curved  path  of  dots  representing  the  height  and  length  measurements  of  the 
Carbonicola  crispa  fauna  straightens  when  logarithms  of  these  values  are  plotted  (text- 
fig.  7)  to  give  a high  coefficient  of  correlation,  r = 0-977.  The  fitted  line  for  the  Carboni- 
cola crispa  group  then  has  the  equation : 

log  H = 1 -070  log  L - 0-323  (vi) 

From  their  distribution  in  the  shale  it  appears  likely  that  members  of  the  three  groups 
may  at  times  have  existed  as  members  of  a single  community. 
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(b)  General  character  of  the  fauna.  As  a whole  the  assemblage  consists  of  relatively  high 
forms,  the  mean  H/L  ratios  of  all  three  groups  being  over  50  per  cent,  (see  Tables  2-4, 
and  contrast  those  of  C.  extenuata,  Table  1).  Umbones  are  without  inflation  but  vary 
in  prominence.  Ventral  margins  are  typically  with  slight  curvature  and  may  be  straight 
or  reflected.  Traces  of  a carinal  swelling,  or  turn  on  the  surface,  are  common  in  all  three 
groups,  and  an  appreciable  carina,  arched  dorsally,  may  be  present.  Obesity  appears  to 
have  been  of  a low  order.  In  nearly  all  these  features,  most  of  which  in  combination  have 
been  noted  as  characterizing  anthracosiid  shells  of  relatively  coarse-grained  sediments 
(Eagar  1948,  1953Z),  pp.  161-3,  1961,  p.  143),  notably  in  the  lenisulcata  Zone,  the  whole 
assemblage  contrasts  with  the  C.  extenuata  faunas  of  Leinster  and  the  Pennines.  On  the 
other  hand  the  fauna  shows  striking  similarity  with  the  fauna  of  the  Norton  Musselband 


TABLE  2 


Length  in 

mm. 

HjL  ratio  % 

AjL  ratio  % 

C.  crispa,  Coalbrook,  Tipperary 

Range 

9-3-260 

(42) 

Mean 

18-61 

Range 

48-9-70-0 

(42) 

Mean 

58-21 

Range 

21-1-31-8 

(21) 

Mean 

25-98 

Bradford,  Yorks. 

15-5-22-3 

(11) 

18-72 

45-5-61-0 

(11) 

56-90 

160-26-5 

(7) 

20-80 

Holotype,  Mapperley 

21-4 

60-0 

26-0 

Cwm  Gwrelech,  Glynneath 

16-8-280 

21-14 

55-5-69-4 

60-13 

12-3-22-8 

19-20 

(22)  (22)  (17) 

Irish  fauna  of  Carbonicola  crispa  compared  with  English  and  Welsh  material.  Measurements  and  tabular 
arrangement  as  for  Table  1. 


of  the  east  Pennines  which  yields  Carbonicola  crispa,  C.  proxima,  and  occasional 
representatives  of  the  C.  pontifex  group,  as  well  as  less  common  C.  extenuata,  and 
occurs  in  sediment  of  comparable  grain  size  and  character  (Eagar  1956,  p.  350).  Con- 
siderable similarity  is  also  apparent  with  the  fauna  of  the  Carbonicola  band  28  feet  below 
the  Gnapiog  Coal,  towards  the  top  of  the  lenisulcata  Zone  of  the  Coal  Measures  of  Cwm 
Gwrelech,  Glynneath,  South  Wales  (Band  Ci  of  Leitch,  Owen,  and  Jones  1958,  p.  465), 
where  again  the  groups  of  C.  crispa,  C.  proxima,  and  C.  pontifex  are  present  (compare 
text-figs.  6 and  10,  and  see  also  Calver  in  Woodland  and  others  1957,  p.  56).  In  the 
following  sections  the  Coalbrook  faunal  groups  are  described  with  biometrical  and  other 
data  bearing  on  corresponding  faunas  from  the  east  Pennines  and  Glynneath. 

(c)  Fauna  of  Carbonicola  crispa  Eagar.  Previous  work  on  faunas  of  this  species  in  the 
east  Pennine  coalfields,  where  little  material  has  been  available,  has  emphasized  the  high 
value  of  the  height/length  ratio  of  the  shells  and  its  rapid  increase  as  growth  proceeded. 
The  Tipperary  fauna  of  C.  erispa,  which  is  abundant,  shows  close  dimensional  similarity 
with  the  type  faunas  of  Derbyshire  and  Yorkshire  (Table  2,  text-fig.  6),  slightly  larger 
forms  being  included  in  the  Tipperary  Band. 

Obesities,  as  far  as  they  can  be  measured,  appear  to  have  been  of  a low  order,  averag- 
ing perhaps  about  25  per  cent,  in  the  three  faunas.  In  Table  2 significant  differences 
appear  only  in  the  higher  A/L  ratios  of  the  Coalbrook  shells  by  comparison  with  those 
of  the  Bradford  and  Glynneath  faunas.  Possibly  some  of  the  difference  can  be  accounted 
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for  by  the  different  modes  of  preservation  found  at  Coalbrook  on  the  one  hand  and  the 
English  and  Welsh  localities  on  the  other.  In  the  latter  the  shells  are  almost  perfectly 
preserved  so  that  the  umbonal  tip  may  be  exactly  located,  whereas  at  Coalbrook  shell 
thickness  over  the  umbo  may  be  reduced,  or  the  shell  imperfectly  preserved,  so  that  the 
length  of  the  anterior  end  is  easily  overestimated. 


TEXT-FIG.  8.  Fauna  of  Carboiiicola  crispa  Eagar  from  Coalbrook,  Tipperary,  f,  g,  C.  crispa;  b-d, 
H-M,  o,  C.  aff.  crispa-,  a,  C.  sp.  (cf.  Anthracosia)-,  n,  C.  spr,  p,  q,  C.  cf.  fallax  Wright.  M.M.  LL2692- 
2703.  E,  outline  of  the  holotype  of  C.  crispa,  from  Mapperley.  c,  d-f  reproduced  as  mirror  images. 

Approximately  natural  size. 

The  sharp  increase  in  height/length  ratio  with  growth  of  shell  is  reflected  throughout 
the  somewhat  limited  range  of  variation  shown  by  the  Coalbrook  specimens.  The  smallest 
forms  tend  to  be  comparable  with  the  shorter  variants  of  Carbonicola  fallax  {sensu  Into) 
in  shape,  but  are  a little  smaller  (text-fig.  8p,  q).  Increase  in  relative  height  with  final 
loss  of  posterior  truncation  may  be  seen  in  the  series  of  text-fig.  8f,  g,  h,  d,  c,  b in  order. 
A similar  increase,  with  retention  of  the  posterior  superior  angle,  leads  to  rhomboidal 
outline  (compare  in  order  the  shells  of  text-fig.  8g,  h,  i,  j,  k).  A small  degree  of  curvature 
of  the  ventral  margin  is  typical,  but  the  strong  curvature  shown  in  text-fig.  8n  is  rare,  as 
is  also  the  somewhat  expanded  posterior  end  seen  in  this  shell. 

Commonest  are  forms  centred  around  text-fig.  8i,  G,  and  d.  Although  the  dimensions 
of  the  holotype  of  Carbonicola  crispa  are  very  near  the  mean  dimensions  of  the  Coal- 
brook fauna,  the  modal  form  of  the  latter,  for  instance  text-fig.  8i,  is  less  tapered  to  the 
posterior  and  has  deeper  truncation  than  the  holotype.  The  same  conclusions  were 
reached  regarding  the  modal  form  of  the  few  specimens  of  C.  crispa  available  from  the 
east  Pennine  Coalfield  (Eagar  1954,  text-fig.  3). 
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TEXT-FIG.  9.  Fauna  of  Carbonicola  proxima  Eagar;  a-h  from  Coal  brook,  Tipperary;  i,  holotype, 
Mapperley ; j-o,  Cwm  Gwrelech,  Glynneath.  b,  C.  proxima;  a,  c,  d,  k,  l,  o,  C.  aff.  proxima;  G,  C.  cf. 
fallax  Wright;  e.  f.  h,  C.  cf.  protea  Wright;  j,  C.  cf. pseiidorobmta  Trueman;  m,  n,  C.  sp.;  a-h,  M.M. 
LL2698,  2704-9;  j-o,  M.M.  LL2626A-2630A.  c-F,  j,  r reproduced  as  mirror  images.  Approxi- 
mately natural  size. 

The  remarkable  shell  illustrated  as  text-fig.  8a  recalls  the  outline  of  short  variants  of 
Anthracosia  from  the  upper  part  of  the  nwdiolaris  Zone  (cf.  Trueman  and  Weir  1951, 
pi.  XV,  fig.  19)  and  may  also  be  compared  with  Eagar  1956,  fig.  9o,  and  Jenkins  1960, 
text-fig.  4d,  shells  from  near  the  base  of  the  communis  Zone.  Although  continuous  varia- 
tion between  this  form  and  undoubted  members  of  the  C.  crispa  group  is  not  clearly 
demonstrable,  it  appears  to  the  writer  that  the  specimen  is  nearer  to  this  group  than  any 
other  and  that  it  should  be  provisionally  assigned  to  it. 

The  Carbonicola  crispa  fauna  of  Tipperary  may  be  finally  compared  with  that  of 
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Glynneath,  where  separation  from  the  C.  po?Uifex  group  is  less  clearly  marked,  notably 
amongst  the  smallest  shells  (text-fig.  10),  the  two  groups  having  some  dimensional 
features  in  common.  Although  there  is  insufficient  evidence  at  Glynneath  for  the  un- 
questionable recognition  of  two  distinct  biospecies,  on  the  basis  of  early  umbonal  growth 
and  length  of  the  anterior  end,  it  is  not  unreasonable  to  separate  the  faunas,  as  has  been 


TEXT-FIG.  10.  Height  plotted  against  length  of  shells  in  an  assemblage  of  Carbonicola  from  Cwm 
Gwrelech,  Glynneath,  with  comparative  data  from  the  Pennines  and  Tipperary. 


attempted  in  text-fig.  10,  and  to  assume  that  the  separation  reflects  at  least  a degree  of 
genetic  difference  in  the  two  groups.  When  logarithms  of  the  heights  and  lengths  of  the 
supposed  C.  crispa  group  are  plotted,  the  path  of  points  straightens  to  give  an  increased 
coefficient  of  correlation  {r  = 0-975)  with  a fitted  line; 

log  H = 1-392  log  L-0-741  (vii) 

for  the  Glynneath  fauna  (cf.  equation  (vi)). 

Height  and  length  measurements  of  the  Tipperary  and  Glynneath  shells,  together  with 
their  fitted  lines,  are  shown  in  text-fig.  7.  It  will  be  seen  that  although  the  slopes  of 
equations  (vi)  and  (vii)  have  proved  significantly  different  at  the  95  per  cent,  level, 
nevertheless  above  shell  lengths  of  16-5  mm.  (logL—  1-2  mm.)  there  is  obviously  no 
significant  difference  in  the  lengths  and  the  heights  of  the  shells  and  consequently  in  the 
fitted  lines  over  this  range  of  length.  In  short  the  significant  difference  between  the  slopes 
of  equations  (vi)  and  (vii)  appears  to  have  arisen  as  a result  of  the  inclusion  of  smaller 
shells,  with  lengths  between  9-3  and  16-4  mm.,  in  the  Tipperary  fauna.  If  it  be  granted 
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that  the  very  close  dimensional  correspondence  of  the  two  faunas  above  the  shell  length 
of  16-5  mm.  justifies  the  separation  of  C.  crispa  at  Glynneath,  then  the  evidence  of  text- 
fig.  7 strongly  suggests  that  the  logarithmic  formula  of  equation  (vi)  does  not  adequately 
represent  the  line  of  mean  growth  of  C.  crispa  over  its  full  range  at  Tipperary.  The 
logarithmic  approach  undoubtedly  offers  a better  representation  of  this  than  does 
simple  linear  regression,  but  the  logarithmic  formula  is  evidently  applicable  to  but  a 
limited  period  of  measurable  growth,  or  is  itself  an  incomplete  expression  of  the  total 
known  range  of  growth  in  terms  of  height  and  length  measurements.  This  conclusion 
is  precisely  that  reached  in  investigating  logarithmic  formulae  of  the  same  pattern  to 
represent  the  growth  of  Carbouicola  exporrecta  and  associated  fauna  above  the  Sand 
Rock  Mine  of  the  topmost  Namurian  (Eagar  1952Z),  pp.  356-7). 

(d)  Fauna  of  Carbonicola  proxima  Eagar.  It  will  be  seen  from  text-figs.  6,  9,  and  10  that 
most  of  the  shells  associated  with  Carbonicola  proxima  are  smaller  than  their  English 
and  Welsh  equivalents  although  in  most  other  respects  they  show  close  similarity  with 
them.  Increase  in  height/length  ratio  of  the  shell  with  growth,  clearly  recognizable  in 
the  growth-lines  of  the  holotype  (Eagar  1956,  fig.  10a),  is  given  numerical  expression  in 
equation  (iv)  of  text-fig.  6,  where  it  will  be  seen  that  the  holotype,  paratype,  and  a topo- 
type  of  this  species  fall  along  the  extrapolation  of  the  fitted  line  for  the  Tipperary 
specimens. 

TABLE  3 

Length  in  mm.  HjL  ratio  % AjL  ratio  % 


C.  proxima,  Coalbrook 

Range 

200-340 

(25) 

Mean 

28-31 

Range 

42-3-65-4 

(25) 

Mean 

52-70 

Range 

24-0-32-7 

(8) 

Mean 

28-17 

Cwm  Gwrelech,  Glynneath 

28-0-52-4 

(28) 

38-65 

54-5-66-0 

(28) 

59-21 

19-5-30-6 

(26) 

24-70 

Holotype,  Derbyshire 

39-5 

60-9 

25-5 

Irish  fauna  of  Carbonicola  proxima  compared  with  Welsh  and  English  material.  Measurements  and  tabular 
arrangement  as  for  Table  1. 

The  low  value  of  the  mean  height/length  ratio  of  the  Coalbrook  fauna  by  comparison 
with  this  ratio  for  the  holotype  is  manifestly  due  to  the  smaller  size  of  the  Irish  shells 
(see  also  text-fig.  13,  where  this  point  is  demonstrated  in  a comparison  of  the  Coalbrook 
and  Glynneath  faunas).  On  the  other  hand  the  slightly  higher  A/L  ratios  of  the  few 
measurable  shells  from  Coalbrook  may  well  to  some  extent  reflect  poor  preservation  of 
umbonal  shell  thickness  at  this  locality  with  consequent  overestimation  of  A,  as  appears 
possible  in  the  case  of  C.  crispa. 

In  text-fig.  9 the  series  g,  d,  and  a shows  shells  with  increasing  H/L  ratio  and  pro- 
gressive prominence  of  the  umbones.  The  series  A,  b,  and  c shows  a continuation  of  this 
trend,  on  the  assumption  that  the  dorsal  margin  of  the  specimen  figured  as  c has  been 
raised  slightly  by  lateral  crushing,  as  has  evidently  happened,  to  a smaller  degree,  in  the 
case  of  the  holotype  of  C.  proxima  (text-fig.  9i).  The  remainder  of  the  figured  shells  show 
rounding  of  the  ventral  margin  to  a varied  extent  with  slight  expansion  in  lateral  outline 
towards  the  posterior  part  of  the  shell  (text-fig.  9h,  e)  or  increased  posterior  truncation 
with  lowering  of  the  umbo.  Numerical  strength,  amongst  a collection  of  thirty-five 
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individuals,  centres  around  the  shell  shown  as  text-fig.  9a  and  extends  towards  C. 
proxima  {sensu  stricto)  (text-fig.  9b). 

Carbonicola  aff.  proximo  has  already  been  recorded  from  near  the  top  of  the  lenisulcata 
Zone  in  South  Wales  (Calver  in  Woodland  and  others  1957,  p.  56).  In  the  Glynneath 
fauna  forms  virtually  identical  with  the  type  (e.g.  text-fig.  9i)  and  to  others  recorded  in 
Tipperary  (e.g.  text-fig.  9a,  c,  d,  g,  and  f)  grade  with  variants  belonging  to  two  trends 


TEXT-FIG.  11.  Faunas  of  Carbonicola  pontifex  sp.  nov.  a-g,  Coalbrook,  Tipperary,  i-m,  Cwm  Gwre- 
lech,  Glynneath.  h,  i,  ? Antbracosphaerium  sp.  (cf.  C.  discus  Eagar),  Coalbrook  and  Cwm  Gwrelech. 
B,  j,  C.  pontifex  (see  also  Plate  48,  fig.  6);  A,  c,  d,  i,  k,  l,  m,  C.  aff.  pontifex\  F,  g,  C.  cf.  Umax  Wright; 
E,  C.  sp.  (cf.  Anthracosia  ovum  Trueman  and  Weir),  a-h,  M.M.  LL2710-17;  i-n,  M.M.  LL2631A- 
2636A.  c-F,  I,  J,  M,  mirror  images.  Approximately  natural  size. 

not  previously  recorded  elsewhere.  In  the  first  of  these,  represented  in  order  by  the  shells 
of  text-fig.  9l,  k,  and  Plate  48,  fig.  12,  the  posterior  end  is  progressively  extended  until, 
in  text-fig.  9j,  truncation  is  virtually  lost  and  extreme  variants  are  produced  suggestive 
of  the  C.  communis  group.  In  the  second  trend,  seen  in  the  shells  of  text-fig.  9l,  o,  n,  and 
M,  and  Plate  48,  fig.  13,  the  shell  is  shortened  and  the  ventral  margin  becomes  straight  or 
reflected  as  the  dorsum  arches  with  oblique  growth.  A few  members  of  this  trend  thus 
show  similarity  to  shorter  variants  of  Carbonicola  pontifex  (e.g.  text-fig.  1 1m)  from  which 
they  appear  to  be  separable  dimensionally  by  their  longer  anterior  ends  (text-fig.  12)  and 
more  elevated  umbones. 

The  Glynneath  fauna  differs  from  that  of  Tipperary  in  its  greater  size,  in  having  less 
curvature  of  the  ventral  margin — for  instance  curvatures  such  as  are  illustrated  in  text- 
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fig.  9h  and  e were  not  found — and  in  the  possession  of  the  two  trends  described  above. 
In  terms  of  shell  height  and  length  the  Glynneath  fauna  is  represented  by  the  line: 

H = 0-654  L-2-39  (viii) 

with  a coefficient  of  correlation  r = 0-944. 

This  line,  drawn  in  text-fig.  10,  is  significantly  less  steep  than  the  line  for  C.  proxima 
from  Coalbrook.  That  the  difference  in  the  slopes  of  equations  (iv)  and  (viii)  represents 
a real  difference  in  the  dimensional  pattern  of  the  faunas  from  the  two  localities  may  be 
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TEXT-FIG.  12.  Length  of  anterior  end  (a)  plotted  against  length  of  shell  in  faunas  of  Carbonicola 
proxima  and  C.  pontifex  from  Cwm  Gwrelech,  Glynneath. 


seen  in  text-fig.  13,  where  shell  length  has  been  plotted  against  the  height/length  ratio, 
with  earlier  growth  stages  added  for  a few  shells  from  Glynneath.  It  will  be  seen  that 
while  much  of  the  spread  is  the  same  for  both  faunas  or  that  there  is  merely  a difference 
in  size  (length),  about  one-quarter  of  the  Glynneath  shells — all  large  forms  referable 
to  the  first  of  the  new  trends  described  above — lie  outside  the  area  of  the  Coalbrook 
shells.  All,  or  nearly  all  of  them,  would  have  had  relatively  lower  height/length  ratios 
than  any  Coalbrook  forms  of  comparable  length  over  a considerable  range  of  measurable 
growth. 


{e)  Fauna  of  Carbonicola  pontifex  sp.  nov.  The  Coalbrook  fauna  of  C.  pontifex  is  charac-  | 

terized  by  relative  elongation  of  shell,  an  appreciable  degree  of  oblique  growth  and  a j 
resultant  distinctive  solid  form.  A carina,  or  carinal  swelling,  rises  from  the  umbonal  ; 1 
shoulders  and  passes  backward,  with  dorsally  convex  crest,  to  die  out  in  the  posterior  ij 
quarter  of  the  shell.  The  dorsal  convexity  of  the  structure  appears  to  be  accentuated  by  i 
lateral  crushing  (text-fig.  11c,  d).  Anterior  to  the  carina,  the  shell  is  typically  slightly  ’ 
hollowed  and  the  ventral  margin  varies  between  straight,  or  nearly  straight,  and  strongly  | 
reflected.  In  several  cases  the  hollowed  area  is  crossed  obliquely  near  its  centre  by  f; 
a shallow  furrow  which  may  terminate  in  an  irregular  notch  or  nick  in  the  ventral  margin, 
near  its  mid-point  (text-fig.  11a,  c).  jj 
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Of  the  shells  shown  in  text-fig.  11,  which  are  representative  of  the  range  of  variation, 
the  mode  centres  around  A,  forms  b,  c,  and  d being  common.  Shells  showing  expansion 
to  the  posterior  (f,  g)  are  atypical,  as  is  also  text-fig.  He. 

The  Glynneath  shells,  which  are  exceptionally  well  preserved  (Plate  48,  figs.  6-11,  14, 
15,  text-fig.  1 li-M),  display  the  distinctive  solid  form  of  the  Coalbrook  fauna  and  include 
several  specimens  in  which  the  triangular  hollow  is  crossed  by  a groove.  Only  a few  of 
the  smallest  shells  (Plate  48,  fig.  10)  are  comparable  with  Carbonicola  Umax.  Variation 
is  wide,  extending  towards  C.  crispa  (Plate  48,  fig.  15)  and  to  C.  proximo  (Plate  48,  fig. 
1 1),  but  the  mode  centres  around  the  form  of  Plate  48,  fig.  9 (text-fig.  1 li)  which  is  close 
to  the  mode  of  the  Tipperary  fauna. 

In  Table  4,  and  in  the  comparison  of  text-figs.  6 and  10,  it  will  be  seen  that  the  Glyn- 


TABLE  4 

Length  in 

mm. 

H/L  ratio  % 

AjL  ratio  % 

C.  pontifex,  Coalbrook 

Range 

17-6-26-3 

(15) 

Mean 

21-53 

Z' 

Range 

45-0-53-0 

(15) 

Mean 

48-61 

Range 

15-4-24-0 

(6) 

“N 

Mean 

19-07 

C.  pontifex,  Glynneath 

131-41-9 

(92) 

29-36 

43-5-60-6 

(92) 

52-66 

10-3-23-2 

(78) 

14-98 

Dimensions  of  the  holotype  of  C.  pontifex  are  given  in  the  systematic  section.  Arrangement  as  for  Table  1. 

neath  fauna  of  C.  pontifex  grew  to  considerably  larger  size  than  the  few  measurable 
specimens  from  Coalbrook.  Although  the  former  fauna  includes  a few  relatively  short 
forms  (e.g.  text-fig.  11m,  Plate  48,  fig.  14)  which  have  not  been  seen  in  the  latter,  the 
slightly  greater  mean  H/L  ratio  of  the  Welsh  fauna  appears  to  be  attributable  merely  to 
increased  size  (length),  as  might  be  expected  from  equation  (v)  for  the  Coalbrook  shells. 
The  fitted  line  for  the  Glynneath  fauna  is: 

H = 0-542  L-0-48  (ix) 

which  is  not  significantly  different  in  slope  from  the  Coalbrook  line  (text-fig.  10,  equation 

v). 

C.pontifex{s.s.)  has  not  been  recorded  from  the  east  Pennines,  but  shells  15  feet  below 
Tonge’s  Marine  Band  near  Burnley  show  close  similarity  to  this  species.  In  text-fig.  11 
and  Eagar  1956,  fig.  6 compare  respectively  b with  b,  c and  d with  c.  In  the  Norton 
Musselband  occasional  shells,  such  as  G.S.M.  Bg.  793,  from  Mapperley,  appear  identical 
with  Glynneath  variants  of  the  C.  pontifex  group  having  curved  ventral  margins  (e.g. 
Plate  48,  fig.  11).  Several  larger  forms  apparently  in  continuous  variation  with  C. 
proximo  (e.g.  Eagar  1956,  fig.  lOc/)  also  compare  with  this  Glynneath  shell. 

(/)  Summary  and  stratigrophical  conclusions.  (1)  The  Carbonicola  crispa  group  is  com- 
mon to  the  Coalbrook  Band  of  Tipperary,  the  Norton  Musselband,  and  the  Cwm 
Gwrelech  (Cj)  Band  of  Glynneath.  The  shells  are  a little  larger  in  Glynneath  than  else- 
where, but  in  other  respects  show  very  close  dimensional  correspondence. 

(2)  The  C.  proximo  group  is  also  common  to  the  three  areas,  being  smallest  in  Tip- 
perary and  largest  in  Glynneath,  where  it  shows  trends  suggesting  linkage  with  C. 
pontifex  sp.  nov. 
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(3)  The  C.  poutifex  group  is  present  in  Tipperary  and  abundant  at  Glynneath  where 
the  shells  are  also  larger  and  are  sometimes  difficult  to  separate  from  C.  proxima.  In  the 
west  Pennines,  Burnley  district,  C.  affi  poutifex  is  abundant  near  the  top  of  the  cyclo- 
them  which  precedes  that  equivalent  to  the  Norton  cyclothem  of  the  east  Pennine  area. 
In  the  latter  the  Norton  Musselband  has  yielded  occasional  shells  comparable  with  less 


TEXT-FIG.  1 3.  Height/length  ratio  plotted  against  length  of  shell  in  faunas  of  Carbonicola  proxima  from 
Glynneath,  South  Wales,  and  Coalbrook,  Tipperary.  The  lines  show  the  growth  of  five  selected 

specimens. 


common  variants  of  C.  poutifex  at  Glynneath,  essentially  forms  which  approach  C. 
proxima. 

(4)  The  C.  exteuuata  group,  well  represented  on  a horizon  near  that  of  the  Norton 
fauna  at  Bradford,  Yorks.  (Eagar  1956,  p.  351),  occurs  in  considerably  less  strength 
in  the  Norton  Musselband  of  south  Yorkshire  and  Derbyshire;  it  is  evidently  absent  at 
Glynneath  and  Coalbrook. 

(5)  Rare  discoidal  shells,  comparable  in  lateral  outline  with  Carbouicola  discus  but 
possibly  referable  to  Authracosphaeriwn  sp.,  have  been  found  in  Tipperary  and  Glyn- 
neath. 

The  above  evidence  indicates  that  the  Coalbrook  Band  should  be  placed  near  the 
top  of  the  leuisulcata  Zone  and  that  its  horizon  is  likely  to  be  very  near  those  of  the 
Norton  Musselband  and  the  Glynneath  (Ci)  Band;  probably  it  is  a correlative  of 
the  latter. 
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SYSTEMATIC  DESCRIPTIONS 
Family  anthracosiidae  Amalitsky  1892 
Genus  carbonicola  Trueman  and  Weir  1946 
Carbouicola  extima  sp.  nov. 

Plate  48,  figs.  2,  3;  text-fig.  3a,  b 
Carbonicola  sp.  Eagar  1956,  pi.  xxvi,  fig.  vii. 

Diagnosis.  Shell  with  length  typically  less  than  20  mm.  Lateral  outline  approximately 
in  the  form  of  an  elongate  ellipse,  slightly  flattened  on  the  dorsal  and  ventral  margins 
and  with  maximum  depth  at  one-third  to  one-half  of  the  length  measured  from  the 
anterior  end.  Lobe  of  the  anterior  end  high,  the  line  of  the  anterior  margin  passing  with 
rounded  angle  into  the  anterior  umbonal  slope,  which  is  slightly  re-entrant.  Umbones 
are  low,  weakly  defined  and  without  inflation.  The  shell  is  gently  and  evenly  swollen, 
being  without  trace  of  a carinal  swelling  or  line  of  turn  on  its  surface.  Height/length 
ratio  < 42  per  cent.  Anterior  end  < 23  per  cent. 


Dimensions  (in  mm.) 


Holotype.  Plate  48,  fig.  2;  text -fig.  3b 

Length 

17-9 

Height 
7-0  (39-1%) 

Thickness 
4-5  (25-0%) 

Anterior  end 
3-7  (20-6%) 

Plate  48,  fig.  3,  C.  extima 

18-9 

7-7  (40-8%) 

5-0  (26-5%) 

3-5  (18-5%) 

I.G.S.  K212/7*,  C.  extima 

18-6 

7-3  (39-2%) 

5-5  (30-0"'o) 
estimated 

4-2  (22-6%) 

Text-fig.  3a  and  Eagar  1956,  pi.  xxvi,  fig.  vii, 
C.  extima 

20- 1 

8-0  (39-5%) 

6 0 (30  0%) 

3-9  (19-5%) 

I.G.S.  K212/3C,  C.  aff.  extima 

13-3 

5-5  (41-3%) 

4-0  (30-0%) 
estimated 

3-0  (22-8%) 

Text-fig.  3d,  C.  aff.  extima 

18-8 

8-1  (42-9%) 

4-8  (25-5%) 

* I.G.S.  Irish  Geological  Survey.  See  description  of  text-fig.  3. 

Further  deseription  and  discussion  of  the  type  assemblage.  The  holotype  is  associated  with 
an  assemblage  of  Carbonicola  extenuata  Eagar  in  Kilgorey  Borehole  (text-fig.  1)  and 
with  twenty  smaller  shells,  of  which  thirteen  are  measurable  (Table  5,  below,  text-figs.  2, 
3b-e,  g-k).  No  internal  features  of  the  shell  are  available.  Comparison  with  material 
preserved  in  ironstone  (Plate  48,  fig.  3)  suggests  that  both  the  holotype  and  several  other 
small  shells  associated  with  it  have  suffered  slight  lateral  compression  with  consequent 
reduction  in  the  thickness/length  ratio  but  with  little,  or  no  appreciable,  modification 
in  lateral  outline.  All  the  shells  grouped  with  C.  extima  are  gently  and  evenly  swollen, 
none  showing  trace  of  a carina  or  turn  on  the  dorso-lateral  area. 

Growth  of  shell  in  the  holotype,  as  measured  by  successive  growth-lines,  evidently 
took  place  with  slightly  decreasing  height/length  ratio  during  the  last  6 mm.  of  length. 
The  same  tendency  may  be  observed  in  the  small-shell  group  as  a whole  (text-fig.  3 and 
equation  (ii);  compare  in  order  text-fig.  3j,  g,  i,  e,  and  d). 

The  small-shell  group  of  C.  extima  in  the  type  assemblage  shows  limited  variation 
linked  with  the  pattern  of  growth.  Thus  short,  oval  forms  are  found  mainly  amongst  the 
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smallest  specimens  (text-fig.  3j,  g,  i).  Slight  decrease  in  the  curvature  of  the  ventral 
margin  with  increase  in  posterior  taper  is  seen  in  the  series  of  text-fig.  3k,  d,  c,  the 
latter  shell  showing  resemblance  to  small  specimens  of  C.  extenuata. 

The  small-shell  group  shares  several  features  with  the  large-shell  group  of  C.  extenuata 
(compare  as  a whole  text-fig.  3a-k  with  l to  w)  including  solid  form  and  occasionally  near- 
identity of  shape  but  not  of  size  (compare,  for  instance,  the  shells  of  Plate  48,  figs.  1 and 


TABLE  5 


Length  in 

mm. 

HjL  ratio  % 

TjL  ratio 

% 

AIL  ratio  % 

Kilgorey 

Range 

8-6-19-3 

(14) 

Mean 

16-23 

Range 
39- 1-58-0 

(14) 

"N 

Mean 

45-05 

Range 
25  0-30-0 
(3) 

““N 

Mean 

26-8 

Range 

190-25-6 

(8) 

Mean 

22-78 

Swan 

18-9-20-0 

(2) 

19-4 

40-8^2-8 

(2) 

41-8 

26-5-30-0 

(2) 

28-25 

18-3-25-8 

(2) 

22-05 

Bacup 

12-2-201 

(2) 

16-1 

39-5-50-0 

(2) 

44-7 

19-5-23-7 

(2) 

21-60 

Irish  faunas  of  Carbonicola  extima  sp.  nov.  compared  with  two  specimens  from  Bacup,  Lancs.  Measurements 
and  tabular  arrangement  as  for  Table  1 . 

2).  On  the  other  hand  the  shells  of  the  Carbonicola  extima  group  in  later  stages  of  growth 
decreased  in  height/ length  ratio,  whereas  those  of  the  C.  extenuata  group  showed  in- 
crease in  this  ratio  (equations  (ii)  and  (i)  respectively).  There  seems,  therefore,  to  be 
reasonable  evidence  for  biospecific  distinction  between  the  two  faunas,  although  they 
appear  related  and  there  can  be  no  certainty  that  the  small-shell  group  of  C.  extima  does 
not  include  a few  young  specimens  of  C.  extenuata.  Nevertheless,  the  distinction  between 
the  two  groups,  based  on  a small  sample,  should  be  viewed  with  caution  until  confirmed 
by  more  material.  Little  is  yet  known  about  the  pattern  of  relative  growth  in  species  of 
Anthracosiidae  and  indeed  of  recent  marine  and  freshwater  shells  (Eagar  1953^,  p.  159; 
Broadhurst  1959,  fig.  4). 

Comparison.  Carbonicola  extima  is  unlikely  to  be  confused  with  any  anthracosiid  species 
other  than  variants  of  the  C.  fallax  group  from  the  top  of  the  Namurian  and  the  lower 
and  middle  parts  of  the  lenisulcata  Zone.  Most  of  the  latter  are  appreciably  larger  than 
C.  extima,  typically  having  greater  relative  height  of  shell  or  slightly  more  expansion  to 
the  posterior  than  characterizes  this  species  (see,  for  example,  Eagar  1947,  fig.  1,  ‘west’ 
arm  of  the  variation  diagram  and  its  ‘south-western’  branch,  fig.  14j,  k,  fig.  21q,  shells 
which  have  also  higher  umbones).  Moreover,  although  an  occasional  variant  from 
faunas  at  or  near  the  base  of  cyclothems  in  the  Soft  Bed-Bassy  Mine  succession  may 
prove  referable  to,  or  comparable  with,  C.  extima,  the  associated  fauna,  rich  in  larger 
Antliraconaia-likQ  variants,  will  render  the  horizon  of  the  fauna  clear.  The  same  con- 
siderations apply  to  the  uncommon  occurrence  of  variants  similar  to  C.  extima  from  the 
top  of  the  Namurian  (see,  for  example,  Eagar  1953n,  pi.  xii,  figs.  2k,  3j).  Finally,  shells 
comparable  with  C.  extima  from  the  lower  lenisulcata  Zone  and  the  uppermost  Namu- 
rian tend  as  often  as  not  to  lack  the  gentle  swelling  which  characterizes  the  valves  of  this 
species,  bearing  instead,  in  the  posterior  third  of  the  shell,  an  arched  carina  or  line  of 
urn  on  the  surface  of  the  shell  (cf.  Eagar  1947,  fig.  8Z?). 
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Distribution.  The  type  assemblage  of  Carbonicola  extima  came  from  Kilgorey  Borehole 
(text-fig.  1)  at  21 1 to  212  feet,  a horizon  23  to  24  feet  below  the  lower  main  seam  of  the 
Double  Fireclays,  Leinster  Coalfield.  On  this  horizon  non-marine  shells  commence  at 
213  feet  with  members  of  the  C.  extenuata  group  only  and  faunas  of  C.  extima  mingled 
with  C.  extenuata  are  overlain  by  small  ?Anthraconaia  cf.  bellula  (Bolton)  at  210  feet. 
Elsewhere  in  the  Leinster  Coalfield  shells  are  known  from  this  horizon  only  at  Garen- 
denny  Borehole,  a mile  to  the  north-west  of  Kilgorey  (see  Neville  1956,  pi.  iii)  where  the 
fauna  is  very  similar  and  includes  C.  extima,  at  the  village  of  Swan,  and  in  the  Agha- 
mucky  and  Copley’s  Bridge  Boreholes  to  the  south-west  (text-fig.  1)  where  only  the 
overlying  ?Anthraconaia  cf.  bellula  persists.  Two  shells  which  are  comparable  with  C. 
extima  and  may  be  young  individuals  of  C.  extenuata  were  found  in  Ardra  boring,  half 
a mile  south  of  Copley’s  Bridge,  on  a horizon  estimated  to  be  about  40  feet  below  that 
of  Kilgorey.  No  other  undoubted  occurrences  of  C.  extima  are  known  in  the  Irish 
Coalfields. 

In  Britain,  apart  from  its  very  rare  occurrences  in  the  measures  from  the  topmost 
Namurian  to  the  middle  of  the  lenisulcata  Zone,  C.  extima  is  known  only  from  a single 
slab  collected  many  years  ago  from  about  70  feet  above  the  Upper  Mountain  Mine  and 
a short  distance  below  Tonge’s  Marine  Band,  in  the  Bacup  area  of  Lancashire  (text- 
fig.  3a).  This  shell,  which  has  already  been  figured  and  discussed  (Eagar  1956,  pp.  349-50), 
is  associated  with  five  other  small  shells,  two  of  which  are  very  similar  to  variants  of 
C.  extima  from  the  type  assemblage  (compare  respectively  text-fig.  3f  with  g and  i,  and 
Eagar  1956,  pi.  xxvi,  fig.  vi  with  text-fig.  3d).  The  remaining  shells  on  the  slab  include  two 
small  incomplete  Carbonicola,  which  could  be  reconstructed  as  variants  of  C.  extima, 
and  a small  Naiadites  cLflexuosus  Dix  and  Trueman.  The  close  similarity  of  the  Leinster 
faunas  of  C.  extima  with  the  few  specimens  from  Bacup  district  becomes  more  signi- 
ficant in  the  light  of  the  similarity  also  of  the  C.  extenuata  faunas  from  these  horizons. 
If  the  Kilgorey-Swan  horizon  is  correlated  with  some  part  of  the  west  Pennine  cyclothem 
terminated  by  Tonge’s  Marine  Band,  then  the  faunas  of  Carbonicola  extima,  known  only 
from  Leinster  and  east  Lancashire,  have  a much  restricted  stratigraphical  range  towards 
the  base  of  the  top  quarter  of  the  lenisulcata  Zone. 

Carbonicola  pontifex  sp.  nov. 

Plate  48,  figs.  6,  8;  text-fig.  ID 

Diagnosis.  Shell  asymmetrically  subarcuate.The  umbones  are  inclined  forward  over  the 
lunule  by  oblique  growth.  In  lateral  view  the  dorsal  slope  is  continuously  curved  to 
sweep  backward,  without  posterior  truncation,  into  the  ventral  margin,  with  which  it 
forms  a rounded  angle.  The  ventral  margin  is  strongly  reflected,  having  its  point  of 
maximum  embayment  about  midway  along  the  length  of  the  shell.  Anterior  lobe  short 
and  rather  blunt.  Lunule  deep,  but  without  sharp  definition.  Umbonal  slope  strongly 
re-entrant.  Growth-lines  near  the  umbo  are  inclined  at  more  than  20°  to  the  line  of  the 
ventral  margin  in  the  posterior  half  of  the  shell. 

The  surface  of  the  shell  is  slightly  hollowed  over  a triangular  area,  of  which  the  base 
is  formed  by  the  greater  part  of  the  ventral  margin  and  the  apex  extends  towards  the 
umbo.  The  point  of  maximum  width  lies  at  about  half  the  height  of  the  shell  and  at  less 
than  one-third  of  its  length,  measured  from  the  anterior  end.  In  dorsal  view  the  shell  is 
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compressed  towards  the  anterior  end  and  gently  tapered  to  the  posterior.  H/L  50-55  per 
cent.  T/L  about  35  per  cent.  A/L  less  than  17  per  cent. 


Dimensions  (in  mm.) 


Length 

Height 

Thickness 

Anterior  end 

Holotype.  Plate  48,  fig.  6;  text-fig.  1 It 

39-5 

20-2  (5 1-0%) 

14-0  (35-5%) 

6-0  (15-2%) 

C.  pontifex.  Plate  48,  fig.  8 

340 

18-0  (52-9%) 

5 0 (14-6%) 

C.  pontifex.  m.m.  Cw.  44C.  Unfigured 

32-8 

17-3  (52-6%) 

4-5  (13-7%) 

C.  pontifex.  m.m.  Cw.  29.  Unfigured 

30-6 

16-5  (53-8%) 

4 0 (13-0%) 

C.  aff.  pontifex.  Text-fig.  1 1l 

34-4 

17-0  (49-4%) 

10  0 (29  0%) 

4-5  (13-1%) 

C.  aff.  pontifex.  Plate  48,  fig.  9 

29-5 

15-4  (52-0%) 

10-5  (35-0%) 

5 0 (17-0%) 

C.  aff.  pontifex.  Plate  48,  fig.  14 

25-5 

13-7  (53-5%) 

8-0  (3 10%) 

3 0 (11-8%) 

C.  aff.  pontifex.  Eagar  1956,  fig.  6b 

25-8 

12-7  (49-2%) 

3-2  (12-5%) 
estimated 

Remarks  and  further  deseription.  The  specific  name  refers  to  the  subarcuate  lateral  out- 
line of  C.  pontifex,  the  shape  ‘making  a bridge’,  the  first  meaning  of  the  Latin. 

The  holotype  is  an  unusually  large  individual  and  displays  well  the  relative  tumidity 
of  the  valves  beneath  and  immediately  posterior  to  the  umbo.  In  the  centre  of  the  right 
valve  the  triangular  depression  is  crossed  obliquely  by  a shallow  groove,  the  path  of 
which  is  marked  by  notches  in  the  growth-lines  and  in  the  ventral  margin.  The  groove 
is  also  found  on  one  valve,  left  or  right,  of  a few  other  individuals  in  the  types  assemblage 
(see  also  Plate  48,  fig.  13).  It  is  presumed  to  be  a minor  malformation  of  shell  to  which 
members  of  the  C.  pontifex  group  were  particularly  prone.  Comparable  cases  are  known 
in  recent  Unionidae,  for  example  in  Lampsilis patidus  (Lea)  from  Kentucky  (Manchester 
Museum  E2012,  Coll.  R.D.  Darbishire)  where  again  the  groove  is  either  on  the  left  or 
the  right  valve  of  one  individual. 

Comparison.  Carbonicola  pontifex  differs  from  C.  Umax  in  lacking  the  posterior  expan- 
sion of  this  species,  in  having  greater  H/L  ratio  and  shorter  anterior  end.  In  lateral 
view  C.  pontifex  shows  superficial  resemblance  to  elongate  variants  of  Anthracosia 
phrygiana  (Wright)  but  differs  from  these  in  dorsal  view,  showing  a bulge  immediately 
posterior  to  the  umbo,  posterior  to  which  the  shell  tapers  gently,  as  is  typical  of  Carbo- 
nicola (contrast  the  subparallel  sides  of  Anthracosia  in  Trueman  and  Weir  1952,  pi.  xx, 
fig.  5). 

Distribution.  The  type  fauna  of  C.  pontifex,  from  Cwm  Gwrelech,  Glynneath,  is  mingled 
with  faunas  of  C.  proximo  and  C.  crispa  29  feet  below  the  Cnapiog  Coal  and  near 
the  top  of  the  lenisulcata  Zone.  Similar  faunas  occur  in  comparable  positions  at  Cwm- 
giedd,  Ystalyfera  (Trueman  and  Ware  1932,  p.  7),  in  the  Dulais  Valley  Borehole  No.  2 
(G.S.M.  Bi61 10  represents  the  species  sensu  lato),  and  at  Margam  Park  No.  2 Borehole, 
where  there  is  also  a second  horizon,  50  feet  lower,  on  which  some  very  small  shells 
appear  referable  to  the  C.  pontifex  group  (Woodland  and  others  1957,  p.  49).  In  the 
Tipperary  Coalfield  C.  pontifex  occurs  in  the  Coalbrook  Band,  probably  on  the  same 
horizon  as  the  type  locality.  In  the  Pennine  Coalfields  C.  aflf.  pontifex  is  occasionally 
found  in  the  Norton  Musselband.  Forms  nearer  the  type  occur  in  more  abundance  on 
a slightly  lower  horizon  in  the  Burnley  district.  Finally,  above  the  Lower  Foot  Mine 
there  occur  rarely  short  variants  of  C.  Umax  (Fagar  1947,  pi.  1,  fig.  v)  which  approach 
the  shape  but  not  the  size  of  C.  pontifex. 
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Family  Myalinidae  Freeh  1891,  emend.  Newell  1942 
Genus  Anthraconaia  Trueman  & Weir  1946 
Anthraconaia  fugax  sp.  nov. 

Plate  47,  figs.  7,  10,  11,  14 

Anthracomya  wardi  Hind  1893,  pi.  ix,  fig.  10. 

Authracomya  wardi  Hind  1895,  pi.  xv,  figs.  13,  19. 

Anthracomya  wardi  Bolton  1895,  pi.  ii,  fig.  16. 

A new  name  has  long  been  required  for  the  group  of  medium-sized,  elongate,  laterally 
flattened  Anthraconaia  first  described  by  blind  (1893,  1895)  from  the  Burnley  Coal- 
field and  now  in  the  Manchester  Museum.  As  is  clear  from  Wild  (1886,  p.  184),  Hodson 
(1945,  p.  362),  and  Jackson  (1952,  pp.  60-61)  all  the  material  has  almost  certainly  come 
from  above  the  Low  Bottom  Bed,  Fulledge  (see  also  Wright  1938,  p.  18).  Hind  referred 
a number  of  well-preserved  shells  to  Anthracomya  wardi  Salter,  a species  based  on 
a poorly  preserved  holotype  from  near  the  top  of  the  modiolaris  Zone  of  the  North 
Staffordshire  Coalfield.  The  Burnley  shells  all  differ  from  A.  wardi  Salter  in  having  much 
lower  height/length  ratio  and  from  better-preserved  Anthraconaia  from  near  the  top  of 
the  modiolaris  Zone,  and  from  higher  horizons,  usually  in  this  feature  and  in  others  to  be 
described  below.  The  Burnley  group  was  recognized,  but  not  named,  by  Wright  (1938, 
p.  17,  figs.  2>a-c)  among  shells  from  a lower  horizon  in  the  communis  Zone  of  Rochdale. 
Comparable  material  has  subsequently  been  found  as  occasional  specimens  in  the 
communis  and  upper  lenisulcata  Zones  of  other  coalfields. 

Diagnosis.  Shell  elongate,  with  small,  flattened,  inconspicuous  umbones  which,  in 
internal  moulds,  are  closely  spaced  but  not  contiguous.  In  lateral  view  the  umbones 
barely  rise  above  the  line  of  the  median  ridge.  Anterior  lobe  of  shell  high,  forming 
roughly  a half-ellipse,  the  lines  of  growth  sweeping  forward  from  the  ventral  margin 
with  increasing  curvature  to  turn,  with  rounded  angle  of  about  90°,  into  the  gently  re- 
entrant anterior  umbonal  slope.  For  two-thirds  of  the  length  of  the  shell,  measured  from 
the  anterior  end,  the  ventral  margin  is  almost  straight,  making  an  angle  of  about  5°  with 
the  hinge-line.  Sides  of  the  shell  are  flattened  anterior  to  an  oblique  carinal  swelling 
which  rises  behind  the  umbo  and  extends  with  nearly  straight  line  of  crest  almost  to  the 
posterior  ventral  angle.  The  sides  of  the  shell  and  internal  mould  are  parallel  in  dorsal 
view,  being  tapered  in  the  anterior  third  of  the  length  and  in  the  posterior  quarter  of  it. 
H/L  ratio  34-39  per  cent.  A/L  ratio  20-24  per  cent.  T/L  ratio  < 25  per  cent. 


Dimensions  (in  mm.) 

Length 

Height 

Thickness 

Anterior  end 

13 

a 

r 

A.  fugax,  holotype,  Plate  47, 

27-7 

10-3  (37-2%) 

5-5  (19-8) 

6-0  (21-7%) 

125° 

18° 

37° 

fig.  14 

A.  fugax,  Plate  47,  fig.  7 

430 

16-0  (37-1%) 

9-5  (22-0%) 

128° 

34° 

A.  fugax,  Plate  47,  fig.  1 1 

32-8 

12-0  (36-6%) 

7-0  (21-3%) 

6-7  (20-5%) 

120° 

22° 

35° 

A.  fugax,  Plate  47,  fig.  10 

29-2 

10-2  (34-8%) 

6-0  (20-5%) 

6-4  (21-9%) 

125° 

15° 

32° 

A.  afiF.  fugax,  Plate  47,  fig.  15 

31-5 

10-9  (34-5%) 

estimated 

7-3  (23-0%) 

115° 

23° 

35° 

A.  aft.  fugax,  Plate  47,  fig.  5 

240 

9-6  (40-0%) 

4-9  (20-5%) 

4-8  (20-0%) 

110° 

25° 

34° 

A.  aff.  fugax,  Plate  47,  fig.  13 

19-5 

7-7  (39-5%) 

3-5  (18-0%) 

4-4  (22-5%) 

115° 

28° 

80° 

A.  cf.  fugax,  Plate  47,  fig.  6 

27-5 

10-3  (36-8%) 

5-8  (21-0%) 

110° 

15° 

32° 

A.  sp.,  Plate  47,  fig.  9 

24-9 

11-5  (46- 1%) 

7-3  (29-0%) 

4-5  (18-0%) 

135° 

23° 

41° 

a,  jS,  and  y measured  as  in  Trueman  and  Weir  1957,  p.  212,  text-fig.  29. 


332 


PALAEONTOLOGY,  VOLUME  5 

Further  description  and  discussion.  The  figured  specimens  of  Hind  (1895,  pi.  xv,  figs.  13, 
16-19)  have  been  rejected  as  type  material  in  favour  of  the  Manchester  Museum  mould 
W603  (Plate  47,  fig.  14)  which  shows  best  the  diagnostic  solid  form  of  the  species  and 
has  slightly  better  documentation  than  Hind’s  best  specimen  (Plate  47,  fig.  11).  Both 
these  shells  show  impressions  of  the  ligament  which  in  the  holotype  extends  backward 
8 mm.  from  the  umbo.  The  dorsal  margin  of  the  holotype  is  straight  and  almost  com- 


PLATE  47 

Magnifications  are  stated  on  the  plate. 

Fig.  \a-c.  Anthraconaia  fabaformis  (Kinahan)  G.S.M.  5101.  Bilboa  Colliery,  Leinster  (Castlecomer) 
Coalfield.  Roof  of  Ward’s  Seam,  lemsulcata  Zone.  Figured  as  Anthracomya  siibcentralis  Salter  by 
Hind  1895,  pi.  xvii,  fig.  3 and  erroneously  referred  to  the  roof  of  the  Four  Foot  Coal  (Eagar  in  Nevill 
1956,  p.  13). 

Fig.  2a,  b.  Anthraconaia  atf.  fabaeformis  (Kinahan)  M.M.  LL2718  E Coll.  R.  M.  C.  Eagar.  As 
for  fig.  1. 

Fig.  3.  Anthraconaia  fabaeformis  (Kinahan)  T.C.  49.1.7/2.  Old  tip  625  yds.  S.  23°  E.  of  trigono- 
metrical station  at  988  feet  marking  the  summit  of  Bregawn  Hill,  Slieveardagh  Coalfield,  Co. 
Tipperary.  Above  the  Upper  Glengoole  Coal,  upper  lenisulcata  Zone. 

Fig.  4.  Anthraconaia  aff.  fabaeformis  (Kinahan)  T.C.  49.1.7/4.  As  for  fig.  3.  Much  enlarged  view 
of  the  articular  region  of  the  internal  mould. 

Fig.  5.  Anthraconaia  fiigax  sp.  nov.  M.M.  L2069d.  E Coll.  Kay-Shuttleworth.  Burnley  Coalfield, 
communis  Zone.  Probably  from  above  the  Low  Bottom  Bed,  Fulledge. 

Fig.  6.  Anthraconaia  ci.fugax  sp.  nov.  I.G.S.  CB442.  From  442  feet,  Copley’s  Bridge  Borehole,  30  yds. 
WSW.  of  Copley’s  Bridge,  2 miles  NNE.  of  Castlecomer,  Leinster  Coalfield.  104  feet  above  Ward’s 
Seam,  lenisulcata  Zone. 

Fig.  7.  Anthraconaia  fugax  sp.  nov.  M.M.  L2089a.  E Coll.  Kay-Shuttleworth.  Fulledge  Colliery, 
Burnley.  From  bastard  cannel  overlying  the  Low  Bottom  Bed,  communis  Zone.  Figured  as  Anthra- 
comya wardi  SaWer  by  Wind  1893,  pi.  ix,  fig.  10;  1895,  pi.  xv,  fig.  13;  and  by  Bolton  1895,  pl.il,  fig.  16. 

Fig.  8.  Anthraconaia  aff.  fugax  sp.  nov.  M.M.  L8201A.  E Coll.  W.  A.  Parker.  Sparth  Bottoms, 
Rochdale.  About  180  feet  above  the  Arley  Mine,  communis  Zone.  Figured  W.  B.  Wright  1938, 
fig.  36,  as  Anthracomya  sp. 

Fig.  9.  T/U/;raco«a/u  possibly  a variant  of  the  T./Mgox  group.  M.M.  L2072.  E Coll.  Kay-Shuttle- 
worth. As  for  fig.  5. 

Fig.  10.  Anthraconaia  fugax  sp.  nov.  M.M.  L8201b.  As  for  fig.  8.  Figured  as  Anthracomya  sp.  by 
W.  B.  Wright  1938,  p.  18,  fig.  3«. 

Fig.  11.  Anthraconaia  fugax  sp.  now.  M.M.  L2069b.  E Coll.  Kay-Shuttleworth.  As  for  fig.  5.  Figured 
as  Anthracomya  wardi  by  Hind  1895,  pi.  xv,  fig.  19. 

Fig.  12.  Anthraconaia  afi.  fugax  sp.  now.  M.M.  L7103A.  Coll.  W.  H.  Sutcliffe.  As  for  fig.  8. 

Fig.  13.  Anthraconaia  a^.  fugax  sp.  now.  Young  form.  M.M.  L2069c.  E Coll.  Kay-Shuttleworth.  As 
for  fig.  5.  Figured  as  Anthracomya  wardi  by  Hind  1895,  pi.  xv,  fig.  17. 

Fig.  14.  Anthraconaia  fugax  sp.  nov.,  holotype.  M.M.  W603.  E Coll.  G.  Wild.  Fulledge  Colliery, 
Burnley.  Assumed  to  be  from  above  the  Low  Bottom  Bed,  communis  Zone. 

Fig.  15.  Anthraconaia  aS.  fugax  sp.  now.  M.M.  W602.  E Coll.  G.  Wild.  Fulledge  Colliery,  Burnley 
at  a depth  of  153  yds.  (above  the  Low  Bottom  Bed).  Figured  as  Anthracomya  wardi  Salter  by  Hind 
1895,  pi.  XV,  fig.  18. 

Fig.  16.  /7/6c/7hcM.s  sp.  nov.,  holotype,  dorsal  and  lateral  views.  I.G.S.  Agh536/WH53.  From 

536  feet,  Aghamucky  Borehole,  i mile  ESE.  of  Drumgoole  Bridge  and  | mile  E.  of  Castlecomer. 
34  feet  below  the  horizon  of  the  Gastrioceras  subcrenatum  Marine  Band.  See  also  text-fig.  14a. 

Eig.  17.  Naiadites  aff.  hiberniciis  sp.  nov.  T.C.  CK36/1E.  Killeshin  Glen,  Leinster  (Castlecomer)  Coal- 
field (Nevill  1956,  pi.  ii,  Loc.  S.  5).  Immediately  below  the  Gastrioceras  cumbriense  Marine  Band. 
See  also  text-fig.  14c. 

G.S.M.  Geological  Survey  Museum;  M.M.  Manchester  Museum;  I.G.S.  Irish  Geological  Survey 
Collections,  Dublin;  T.C.  Trinity  College  School  of  Geology  Collections,  Dublin. 
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plete,  the  hinge  junction  forming  a knife  edge  in  the  posterior  half  of  the  shell.  In  Hind’s 
specimen  (fig.  11)  the  dorsal  margin  is  broken  in  the  posterior  half  of  the  shell.  What 
remains  of  the  hinge-line  anterior  to  this  shows  very  slight  dorsally  convex  curvature,  so 
that  it  is  possible  that  the  dorsal  margin  may  have  been  arcuate  in  the  posterior  half  of 
the  shell  (see  Plate  47,  fig.  10). 

In  the  holotype  the  anterior  end  is  worn  round  the  margins  of  the  mould  so  that  the 
outline  of  the  shell  has  been  blunted  and  the  line  of  the  re-entrant  anterior  slope  (see 
fig.  5)  has  been  lost.  The  anterior  end  of  the  right  valve  of  the  type  specimen  has  been 
slightly  displaced  dorsally  with  respect  to  the  left  valve,  with  the  result  that  the  lunular 
area  is  not  clear;  but  there  is  a strong  suggestion  that  the  mould  had  a very  narrow, 
shallow  lunule,  sharply  defined  by  the  anterior  umbonal  shoulders,  as  is  seen  in  the 
specimen  of  fig.  5. 

The  carinal  swelling  in  the  holotype  and  other  solid  specimens  from  Burnley  has 
a broadly  rounded  crest  which  reaches  its  maximum  definition  in  the  posterior  third 
of  the  shell.  Anterior  and  ventral  to  the  swelling  the  shell  is  flattened  and  may  be  slightly 
hollowed  towards  the  ventral  margin.  As  noted  by  Hind,  over  this  area  the  lines  of  growth 
are  well  marked.  Over  the  crest  of  the  swelling  and  on  the  compressed  area  between  the 
crest  and  the  dorsal  margin  the  shell  is  almost  smooth.  This  area  is  crossed,  however, 
by  one  or  more  faint  radial  ridges,  flanked  by  equally  faint  grooves,  all  lying  within  the 
angle  formed  between  the  line  of  crest  of  the  carinal  swelling  and  the  hinge-line.  The 
structures,  which  may  have  strengthened  the  shell  in  its  weakest,  ‘ knife-edged  ’ part,  can 
be  seen  easily  in  the  specimens  of  Plate  47,  figs.  11  and  13,  and  appear  also  in  crushed 
specimens  (figs.  7,  15).  The  radiating  ridges  vary  considerably  in  definition,  being 
discernible  in  the  holotype  and  some  other  specimens  only  in  certain  lights. 

The  relatively  smooth  post-carinal  areas  of  A.  fugax  are  also  crossed  by  faint  corruga- 
tions marking  lines  of  growth  (Plate  47,  figs.  5,  1 1,  13,  14)  or  by  growth-lines  which  are 
finer  than  elsewhere  on  the  shell  (figs.  7,  15).  In  the  case  of  the  first  four  specimens 
referred  to,  the  corrugations  indicate  that  during  the  final  and  greater  part  of  the  life 
of  the  lamellibranch  the  posterior  margin  of  the  shell  grew  with  gentle  curvature  in 
continuity  with  the  sharper  curve  of  the  posterior  ventral  angle  and  without  change  in 
shape.  In  the  largest  known  specimen  of  the  group  (fig.  7)  the  dorsal  half  of  the  posterior 
margin  became  less  curved  and  almost  straight  during  the  latter  stages  of  growth, 
approximately  the  last  10  mm.  of  increase  in  shell  length.  In  the  small  specimen  (fig.  15) 
the  posterior  margin  became  straight  in  its  dorsal  half  at  a length  of  about  20  mm.  The 
shell  subsequently  developed  an  incipient  auricle  and  auricular  sinus.  A slightly  stronger 
auricle  is  developed  in  a poor  Anthraconaia  nS.fugax  of  doubtful  documentation  in  the 
Manchester  Museum  Kay-Shuttleworth  Collection  (figured  by  Hind  1895,  pi.  xv,  fig.  16). 

Very  little  other  developmental  change  in  shape  can  be  observed  from  the  growth-lines 
of  the  Burnley  fauna.  Smaller  specimens,  for  example  that  of  Plate  47,  fig.  13,  may  appear 
to  be  less  expanded  to  the  posterior  than  larger  ones,  but  it  seems  very  likely  that  this 
shell  would  have  achieved  the  typical  outline  of  Anthraconaia  fugax,  had  the  life  of  its 
owner  been  longer,  not  by  increased  postero-ventral  growth  but  by  the  dorsal  ‘upward’ 
growth  of  the  hinge  margin  as  the  ligament  gradually  extended  back  from  the  umbo. 

A ‘downward’  flexure  of  the  posterior  part  of  the  dorsal  margin  was  apparently  not 
uncommon  in  the  group.  Cleaning  of  the  shells  from  Sparth  Bottoms,  Rochdale  (Plate 
47,  figs.  8,  10,  12),  has  revealed  subarcuate  dorsal  margins  (contrast  Wright  1938,  figs. 
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3a,  b).  In  two  cases  the  anterior  lobes  are  lower  than  in  any  specimens  seen  by  the  writer 
from  Burnley. 

The  shell  of  Plate  47,  fig.  9 differs  obviously  from  the  remainder  of  the  Burnley 
material.  Although  considerably  more  obese  than  A.fugax  and  with  more  widely  spaced 
umbones,  the  shell  in  dorsal  view  shows  an  approach  to  the  characteristic  profile  of  the 
group  and  may  possibly  prove  to  be  a related  form. 

Comparison.  Anthraconaia  fugax  appears  comparable  only  with  ? Carboiiicola  lenisulcata 
(Trueman),  a species  which  shows  both  internal  and  external  features  suggestive  of  this 
genus,  into  which  it  appears  to  grade  ( Eagar  1947, 1953o).  Although  the  internal  features 
of  A.  fugax  are  unknown,  externally  the  species  appears  typical  of  the  genus  Anthra- 
conaia, the  shell  substance  being  thinner  than  that  of  ? C.  lenisulcata ; it  has  finer  growth- 
lines, a narrower  hinge-plate,  as  suggested  by  partial  internal  moulds,  and  more  closely 
spaced,  narrower  umbones,  which  tend  to  rise  just  above  the  median  ridge  of  the  internal 
mould  (whereas  in  ?C.  lenisulcata  they  do  not).  The  internal  mould  of  A.fugax,  more- 
over, has  a narrow  sharply  defined  lunule,  whereas  in  ? C.  lenisulcata  the  lunular  area  is 
wide  and  without  sharp  definition.  In  Anthraconaia  fugax  the  angle  /3  is  not  much  more 
than  125°  and  may  be  appreciably  less,  whereas  in  ?C.  lenisulcata  this  angle  is  very 
large,  about  140°.  Finally,  although  both  species  show  some  variation  in  the  form  of  the 
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Figures  natural  size,  unless  otherwise  stated. 

Fig.  1 . Carboiiicola  extenuata  Eagar  M.M.  LL2685A.  E Coll.  R.  M.  C.  Eagar.  Stream  section  900  yds 
NW.  of  cross-roads  at  Swan  settlement,  6 miles  NNE.  of  Castlecomer,  Leinster  Coalfield.  About 
150  feet  above  Ward’s  Seam,  lenisulcata  Zone. 

Eig.  2.  Carboiiicola  extima  sp.  nov.,  holotype.  I.G.S.  K212/4A.  Erom  212  feet,  Kilgorey  Borehole, 
immediately  south  of  road,  1,130  feet  W.  of  junction  of  Kilgorey,  Crettyard,  and  Garendenny  roads, 
7|  miles  W.  of  Carlow,  Leinster  Coalfield.  46  feet  below  top  of  upper  seam  of  Double  Eireclays. 
See  also  text-fig.  3b.  X 2. 

Eig.  3.  Carboiiicola  extima  sp.  nov.  T.C.  CS/II/IE.  As  for  fig.  1. 

Eig.  4.  Carboiiicola  aff.  extenuata  Eagar.  LG.S.  K211/1E.  From  211  feet,  Kilgorey  Borehole  (see 
fig.  2).  See  also  text-fig.  3w. 

Fig.  5.  Carboiiicola  cifi.  extenuata  "Etigdir.  M.M.  LL2719.  From  immediately  above  the  Lower  Moun- 
tain Mine,  Victoria  Pit,  N.C.B.,  Standish,  near  Wigan. 

Fig.  6.  Carboiiicola  pontifex  sp.  nov.,  holotype.  M.M.  LL2632.  E.  Coll.  D.  G.  Jones.  Erom  the  bank 
of  Cwm  Gwrelech,  Pont  Walby,  Glynneath,  Glamorgan.  Prom  c.  30  feet  below  the  base  of  the 
Gnapiog  Coal  (Leitch,  Owen  and  Jones  1958,  p.  464,  fig.  2,  Ci).  See  also  text-fig.  1 1j. 

Fig.  7.  Carboiiicola  pontifex  sp.  nov.,  M.M.  LL2629A.  As  for  fig.  6. 

Fig.  8.  Carboiiicola  pontifex  sp.  nov.,  showing  lateral  crushing.  M.M.  LL2637.  As  for  fig.  6. 

Fig.  9.  Carboiiicola  alf.  pontifex  sp.  nov.  M.M.  LL2631A.  As  for  fig.  6.  See  also  text-fig.  1 It. 

Fig.  10.  Carboiiicola  cf.  Umax  Wright.  Young  shell  in  the  C.  pontifex  assemblage.  M.M.  LL2638A. 

Fig.  11.  Carboiiicola  sp.,  C.  pontifex  group,  showing  trend  towards  the  outline  of  C.  proximo.  M.M. 
LL2639.  As  for  fig.  6. 

Fig.  12.  Carboiiicola  aff.  proxima  Eagar.  M.M.  LL2640.  As  for  fig.  6. 

Fig.  13.  Carboiiicola  sp.  (C.  proxima  group)  showing  deep  hollowing  with  irregular  furrows  anterior  to 
the  Carina.  M.M.  LL2630A.  As  for  fig.  6.  See  also  text-fig.  9m. 

Fig.  14.  Carboiiicola  aff.  pontifex  (cf.  Antliracosia  phrygiana  (Wright)).  M.M.  LL2641.  As  for  fig.  6. 

Fig.  15.  Carboiiicola  sp.,  a variant  of  the  C.  pontifex  group  showing  approach  towards  the  outline  C. 
crispa  Eagar.  M.M.  LL2642A.  As  for  fig.  6. 

Initials  denote  collections,  as  for  Plate  47. 
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anterior  lobe  and  of  the  oblique  carinal  swelling,  in  A.fugax  the  lobe  tends  to  be  high 
and  to  take  the  form  of  a semi-ellipse,  whereas  in  ? C.  lenisulcata  it  is  lower  and  nearer 
the  shape  of  a semicircle ; the  carinal  swelling  is  a slightly  stronger  feature  in  A . fugax, 
tending  to  be  straight  and  to  persist  further  towards  the  ventral  angle  than  in 
? C.  lenisulcata,  so  that  in  dorsal  view  ? C.  lenisulcata  lacks  the  long  subparallel  sides 
of  A.fugax. 

Distribution.  Anthraconaia  fugax  has  been  found  in  the  upper  part  of  the  communis  Zone 
of  the  Burnley  Coalfield,  the  described  material  all  coming,  probably,  from  the  Low 
Bottom  Bed  of  Fulledge.  Shells  near  the  holotype  have  been  found  on  a lower  horizon 
in  the  communis  Zone  at  Sparth  Bottoms,  Rochdale. 

Occasional  specimens  of  Anthraconaia,  comparable  to  a varying  degree  with  A.fugax, 
range  upward  from  the  middle  of  the  lenisulcata  Zone.  For  example,  small  Anthraconaia 
cf.  fugax,  with  height/length  ratio  of  about  45  per  cent,  and  having  a slightly  sinuous 
posterior  margin  (G.S.M.  DM5144),  was  found  above  the  Lower  Mountain  Mine  in  a 
borehole  at  Heskin,  near  Wigan  (Calver  in  Magraw  1957,  p.  37),  and  a similar  but  still 
smaller  specimen,  with  length  16  mm.  and  Fl/L  ratio  about  39  per  cent.  (G.S.M.  DM4569, 
‘/4.  cf.  wardi  Hind  pars  sp.’,  Magraw  1957,  p.  22),  was  found  in  flags  between  the  Cannel 
Mine  and  Tonge’s  Marine  Band  in  an  adjacent  boring.  The  shell  shown  in  Plate  47, 
fig.  6,  appears  closely  similar  to  A.fugax  (see  dimensions  above),  but  has  a posterior 
margin  more  comparable  with  that  of  the  Wigan  specimens.  In  Yorkshire,  on  a horizon 
about  that  of  the  Norton  Musselband,  a fragmentary  Anthraconaia  sp.  (Eagar  1956, 
fig.  Ig)  is  probably  similar  to  the  shell  G.S.M.  Bi  158  {A.  cf.  fugax)  from  29  feet  above  the 
Norton  Coal  in  Wingfield  Manor  Borehole  (Eden  1954,  p.  97).  Similar  shells  (e.g.  MM. 
LL2643)  occasionally  appear  in  the  Glynneath  Band. 

In  the  lower  communis  Zone  the  shell  shown  in  Eagar  1956,  fig.  9k  may  belong  to  the 
A.  fugax  group,  but  those  of  figs.  9g,  i,  and  / are  considerably  more  expanded  to  the 
posterior  than  is  A.fugax  and  appear  more  comparable  with  variants  of  the  A.  modiolaris 
group.  On  higher  horizons,  for  instance  at  the  base  of  the  modiolaris  Zone,  laterally 
flattened  shells  (e.g.  Wright  1938,  figs.  4c-e)  are  probably  not  referable  to  the  A.fugax 
group  since  the  angle  j3  is  very  large.  The  same  comment  may  be  made  on  the  fauna  above 
the  Flockton  Thin  Coal  near  Barnsley  (Eagar  1961,  fig.  4)  where  variation  is  con- 
siderable. 


Naiadites  hiberniciis  sp.  nov. 

Plate  47,  fig.  16;  text-fig.  14a,  b,  d 

Diagnosis.  Shell  small,  carinate,  with  subtriangular  outline,  modified  by  a well-rounded 
postero-ventral  margin  and  byssal  sinus  of  varying  strength.  Umbones  sharp,  the  beaks 
rising  inappreciably  above  the  line  of  hinge.  The  carina  is  strongest  in  the  anterior  third 
of  the  shell,  its  crest  following  a weakly  sigmoidal  line  to  run  approximately  parallel  to 
the  anterior  ventral  margin  for  the  greater  part  of  its  length.  In  the  posterior  half  of  the 
shell  the  carina  loses  definition,  flattening  out  towards  the  postero-ventral  margin.  The 
dorsal  half  of  the  posterior  margin  is  straight  or  slightly  sinuous  and  meets  the  hinge- 
line in  a well-defined  posterior  dorsal  angle.  H/L,  64-80  per  cent.  T/L,  33-40  per  cent. 
DM/L,  70-80  per  cent.  120°-130°.  y,  42°-50°. 
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Dimensions  (in  mm.) 

Length 

Height 

Thickness 

Dorsal  margin 

y 

Holotype:  text-fig.  14a 

19-6 

estimated 

13-8  (70-6%) 

7-0  (35-7%) 

15-2  (77-5%) 

123° 

46° 

Text-fig.  14b 

17-3 

estimated 

11-4  (64-7%) 

12-5  (72-1%) 

129° 

45° 

Text-fig.  14d 

17-3 

14  0 (79-0%) 

12-6  (72-6%) 

127° 

47° 

Text-fig.  14c 

18-5 

12  1 (660%) 

13-8  (74-6%) 

128° 

43° 

Text-fig.  14f 

19-2 

13-4  (59-7%) 
estimated 

14-9  (77-5%) 

118° 

50° 

Text-fig.  14g 

160 

12-3  (77-0%) 

IM  (69-3%) 

132° 

53° 

Text-fig.  14h 

13-3 

8-3  (62-4)% 

5-9  (44-5%) 
estimated 

10-9  (82-0%) 

130° 

43° 

Text-fig.  14j 

13-2 

7-6  (57-7%) 

5-5  (41-7%) 
estimated 

8-5  (64-3%) 

130’ 

41° 

Directions  and  angles  of  measurement  as  defined  by  Trueman  and  Weir  1957,  p.  212,  text-fig.  29. 


Further  description  and  discussion.  The  holotype  is  a well-preserved,  uncrushed,  almost 
complete  internal  mould  and  shows  traces  of  growth-lines,  shell  substance  being  re- 
presented by  a thin  carbonaceous  film  which  partly  adheres  also  to  the  external  mould. 
The  scars  of  the  anterior  adductor  and  byssal  retractors  are  visible  on  the  holotype  and 
two  topotypes.  In  all  three  the  anterior  bifid  retractor  scar  lies  exactly  on  the  crest  of 
the  rather  sharp  beak,  about  2 mm.  from  the  anterior  end  and  very  near  the  tip  of  the 
umbo. 

Anterior  and  ventral  to  the  carina  the  surface  of  the  mould  is  evenly  but  fairly  sharply 
bent  inward  with  continuously  convex  curvature,  so  that  the  holotype  has  no  definite 
anterior  lobe  (contrast  text-fig.  14i).  Of  the  remaining  four,  largely  uncrushed  topotypes, 
two  (Agh536D,  537/B12E)  display  in  the  anterior  third  of  the  shell  a flattening  and  very 
slight  hollowing  between  the  anterior  ventral  margin  and  the  carina ; they  thus  indicate 
intermediate  morphic  stages  between  the  lobation  of  text-fig.  14i  and  its  absence  in  the 
holotype.  As  is  typical  of  Naiadites,  in  all  five  shells  the  left  valve  has  greater  convexity 
than  the  right.  Although  the  type  assemblage,  consisting  in  all  of  eight  specimens,  mostly 
incomplete,  cannot  be  unquestionably  assigned  to  a single  biospecies,  the  general  form 
of  the  uncrushed  shells  and  the  available  dimensional  data  suggest  the  probability  that 
variation  was  continuous  within  it. 

If  variation  is  regarded  as  centred  around  the  holotype  then  the  shells  of  text-fig.  14h 
and  I may  be  extreme  variants.  Slight  increase  in  the  angle  y and  decrease  in  ^ leads  from 
the  holotype  to  slightly  more  quadrangular  outline,  but  this  trend  at  Aghamucky  does 
not  reach  the  degree  of  expression  seen  in  the  shell  of  text-fig.  14e. 

Growth-lines  on  the  type  assemblage,  and  on  all  specimens  of  Naiadites  hibernicus 
seen  by  the  writer,  are  fine  and  slightly  irregular.  This  irregularity  becomes  marked, 
taking  the  form  of  slight  sinuosity,  on  the  relatively  straight  dorsal  half  of  the  posterior 
margin  of  two  specimens  (Agh537/B12E,  539A)  and  may  be  well  seen  in  examples  from 
higher  horizons  in  Ireland  and  Yorkshire  (text-fig.  14b,  d). 

Comparison.  Naiadites  hibernicus  is  comparable  both  with  N.  productus  and  N.  sub- 
truncatus  (Brown).  Erom  the  former  it  is  distinguished  by  its  lower,  less  inflated  and 
sharper  umbones,  by  its  lower  H/L  ratio,  its  slightly  longer  dorsal  margin  and  its  smaller 
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degree  of  obliquity,  as  measured  by  the  angle  a.  From  the  latter  species  N.  hiberniciis  is 
distinguished  by  its  greater  H/L  ratio,  shorter  dorsal  margin  and  greater  degree  of 
obliquity.  The  lateral  outline  thus  lies  morphically  midway  between  the  two  species  N. 


TEXT-FIG.  14.  Faunas  of  Naiadites  hiberniciis  sp.  nov.  from  Leinster  and  the  Pennines.  A,  b,  d,  N. 
hiberniciis.  c,  K,  N.  aff.  hiberniciis',  L,  N.  cf.  hiberniciis',  F,  G,  N.  cf.  prodiictiis  (Brown);  i,  N.  cf.  siib- 
triinccitiis  (Brown);  E,  j,  N.  spp.  A (holotype),  H,  i from  Aghamucky  Borehole,  10  ft.  below  the  G. 
ciimbriense  Marine  Band;  g from  above  Ward’s  Seam,  I.G.S.  Agh536/WH53,  537/B12,  537b,  237A; 
c,  E,  j,  Killeshin  Glen,  T.C.  CK36/1E,  IB,  ID;  b,  above  Ward’s  Seam,  Bilboa  Colliery  tip;  F,  Black 
Bridge,  near  Bilboa,  on  an  uncertain  horizon,  possibly  c.  150  ft.  above  Ward’s  Seam,  I.G.S.  K.l  1.2.2/10; 
D,  Midhopestones,  Yorkshire,  immediately  below  the  G.  siibcreiiatiim  Marine  Band,  M.M.  LL2710; 
K,  L from  Great  Heads  Beck,  Roundhay  Park,  Leeds,  from  c.  1 ft.  below  the  base  of  the  G.  ciinibriensc 

Marine  Band,  M.M.  0871,  LL2711.  x ^ 2. 

prodiictus,  and  N.  subtrimcatus  (Brown).  N.  hiberniciis  is  typically  smaller  than  both  and 
the  umbones  appear  to  be  sharper  and  the  carina  more  sigmoidal. 

Distribution.  Naiadites  hiberniciis  has  been  found  in  the  Leinster  Coalfield  on  horizons 
from  immediately  below  the  Gastrioceras  canceUatinn  Marine  Band  (in  Killeshin  Glen) 
to  the  shell  band  forming  the  roof  of  Ward’s  Seam  (at  Bilboa  Colliery  and  in  Tipperary, 
above  the  Upper  Glengoole  Coal). 


338 


PALAEONTOLOGY,  VOLUME  5 

In  the  Pennines  poorly  preserved  Naiadites  (G.S.M.  Ba933)  showing  the  essential 
characters  of  N.  hiberuicus  was  found  by  Wray  and  Melmore  (1931,  p.  41)  below  the 
G.  cancellatum  Marine  Band  in  Yorkshire.  Below  the  G.  cumbrieme  Marine  Band  at 
Great  Heads  Beck,  Roundhay  Park,  Leeds  (Slinger  1936,  p.  189),  the  writer  has  collected 
small  flattened  Naiadites  which  compare  with  N.  hibernicus  but  have  a more  flexuous 
posterior  margin  with  trend  towards  the  development  of  a small  auricle  (text-fig.  14l, 
in  which  the  anterior  extremity  has  probably  been  rolled  inward  with  consequent  blunt- 
ing of  the  anterior  end — cf.  text-fig.  14k).  N.  hibernicus  (text-fig.  14d)  occurs  immediately 
below  the  G.  subcrenatum  Marine  Band  at  Midhopestones  near  Penistone  (Eagar  1953u, 
p.  173,  fig.  7,  sections  1a,  b).  On  succeeding  Pennine  horizons  in  the  lenisidcata  Zone 
such  Naiadites  specimens  as  have  been  figured  by  Trueman  and  Weir  (1956)  and  Calver 
(1956,  p.  31,  text-fig.  4)  do  not  closely  resemble  N.  hibernicus,  although  the  shape  of  the 
umbo  and  anterior  end  of  the  shell  illustrated  in  the  lower  half  of  the  lenisidcata  Zone 
in  the  latter  text-figure  is  suggestive  of  the  N.  hibernicus  group.  The  writer  has  seen 
similar  sharp  anterior  ends  amongst  poorly  preserved  small  Naiadites,  including  N.  cf. 
obliquus  Dix  and  Trueman,  in  material  from  the  Soft  Bed-Bassy  Mine  succession. 
On  higher  horizons,  amongst  somewhat  variable  material,  Naiadites  cf.  obliquus  (e.g. 
Trueman  and  Weir  1956,  pi.  xxxi,  fig.  13)  tends  to  predominate  (Calver  1956,  p.  32). 
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THE  ORDOVICIAN  TRILOBITE  GENUS  TIRESIAS 

M’COY,  1846 

by  W,  T.  DEAN 


Abstract.  The  trilobite  Tiresias  M’Coy  is  revised  and  redescribed  from  topotype  material.  The  genus,  assigned 
here  to  the  family  Isocolidae,  is  held  to  be  a probable  synonym  of  the  North  American  genus  Holdenia  Cooper. 

In  his  well-known  pioneer  work  on  the  Silurian  {sensu  lato,  including  Ordovician) 
fossils  of  Ireland,  M’Coy  (1846,  p.  43)  described  a new  trilobite  genus  Tiresias,  founded 
on  a new  species  Tiresias  insculplus  from  the  Upper  Ordovician  limestone  of  the  Chair 
of  Kildare,  where  it  was  said  to  be  very  rare.  Both  genus  and  species  were  adequately 
diagnosed  and  described,  and  were  illustrated  by  a rather  indilferent,  but  nevertheless 
identifiable,  drawing  of  a single  cranidium  with  median  length  about  7 mm.  Since  that 
time,  few  references  have  been  made  to  Tiresias.  Salter  (1853,  p.  4),  in  introducing  and 
discussing  CypJwniscus  socialis,  also  from  the  Chair  of  Kildare,  noted  the  latter  species’ 
resemblance  to  Tiresias  and  suggested  that  the  two  might  prove  eventually  to  be  con- 
generic. Reed  (1896),  in  describing  the  fauna  of  the  Keisley  Limestone,  recorded  one 
specimen  of  Tiresias  from  Keisley  and  assigned  the  genus  to  the  Trinucleidae,  believing 
it  to  be  allied  to  Ampyx.  Later  the  same  year,  in  their  paper  dealing  with  the  geology  of 
the  Kildare  Inlier,  Reynolds  and  Gardiner  (1896,  p.  592)  listed  Tiresias  insculplus  from 
only  one  horizon,  which  they  called  ‘ Band  A’,  at  the  base  of  the  Chair  of  Kildare  Lime- 
stone, and  this  record  has  since  been  perpetuated  by  Harper  (1948,  p.  58).  Generally 
speaking,  however,  the  names  of  both  genus  and  species  have  fallen  into  disuse,  and 
Tiresias  is  not  included  in  the  recently  published  Trilobite  Volume  of  the  Treatise  on 
Invertebrate  Paleontology. 

Dr.  J.  S.  Jackson  of  the  National  Museum  of  Ireland  informs  me  that  M’Coy’s  holo- 
type  is  not  present  in  the  collections  there,  and  inquiries  at  other  institutions  have  re- 
sulted in  the  finding  of  only  three  other  specimens  of  the  species.  One  of  these,  from 
Kildare,  is  the  external  mould  of  an  incomplete  cranidium  in  the  Gardiner  Collection 
at  the  Sedgwick  Museum,  Cambridge,  whilst  another  from  the  same  locality  is  an 
almost  complete  cranidium,  about  6 mm.  long,  in  the  Geological  Survey  and  Museum, 
London.  The  second  specimen  forms  part  of  an  old  collection  of  material  which  served 
as  the  basis  for  Salter’s  original  description  of  CypJwniscus  socialis,  and  occurs  on  the 
same  block  of  limestone  as  the  lectotype  of  the  latter  species.  The  two  specimens  have 
been  made  available  to  me  by  Mr.  A.  G.  Brighton  and  Mr.  J.  D.  D.  Smith,  to  whom 
I extend  my  thanks  for  their  help.  A single  cranidium  from  the  Keisley  Limestone,  in 
the  Harkness  Collection  at  Carlisle  Museum,  has  been  loaned  by  Mr.  R.  Hogg.  There 
seems  little  doubt  that  Tiresias  is  an  extremely  uncommon  trilobite  in  Britain,  though 
possibly  it  has  been  mistaken  at  times  for  the  superficially  similar  isocolid  genus 
CypJwniscus.  In  view  of  the  fact  that  M’Coy’s  holotype  cannot  be  said  to  be  definitely 
lost  or  destroyed  it  is  not  proposed  to  designate  a neotype  here,  and  the  following  account 

[Palaeontology,  Vol.  5,  Part  2,  1962,  pp.  340-3,  pi.  49.] 


Palaeontology,  Vol.  5 


PLATE  49 


DEAN,  Tiresias 


W.  T.  DEAN:  ORDOVICIAN  TRILOBITE  TIRESIAS 


341 


is  founded  on  the  two  topotypes  mentioned  earlier.  Prof.  W.  F.  Whittard  has  kindly  read 
and  criticized  this  manuscript. 

SYSTEMATIC  DESCRIPTION 
Family  isocolidae  Angelin,  1854 
Genus  tiresias  M’Coy,  1846 

Tiresias  M’Coy,  1846,  p.  43. 

IHoldenia  B.  N.  Cooper,  1953,  p.  9. 

Type  species.  Tiresias  insculptus  M’Coy,  1846,  by  original  designation. 

Diagnosis.  Isocolid  trilobite  with  elongated  semi-elliptical  cranidium.  Prominent,  convex 
glabella  expands  forwards,  bounded  laterally  and  frontally  by  single,  well-defined,  con- 
tinuous furrow  representing  the  conjoined  axial  and  preglabellar  furrows.  Glabellar 
furrows  almost  absent,  represented  by  two  or  three  pairs  of  poorly  defined  lateral 
depressions.  Fixigenae  quadrant-shaped,  set  lower  than  glabella  and  continuous  frontally 
with  preglabellar  field.  Genal  angles  prolonged  backwards  slightly.  Presence  of  eyes  un- 
certain as  no  palpebral  lobes  present,  though  cranidial  margin  indented  anterolaterally. 
Surface  of  test  ornamented  by  raised  anastomosing  lines  forming  Bertillon  pattern. 

Tiresias  insculptus  M’Coy 
Plate  49,  figs.  1-8 

1846  Tiresias  insculptus  M’Coy,  p.  43,  pi.  4,  fig.  1. 

1853  Tiresias  insculptus  M’Coy,  Salter,  p.  4. 

1896  Tiresias  insculptus  M’Coy,  Reed,  pp.  408,  410. 

1896  Tiresias  insculptus  M’Coy,  Reynolds  and  Gardiner,  p.  592. 

1948  Tiresias  insculptus  M’Coy,  Harper,  p.  58. 

Description.  Cranidium  is  roughly  semi-elliptical  in  plan,  longer  than  broad,  markedly 
convex  both  longitudinally  and  transversely.  Glabella  is  tumid,  sub-oval  in  plan,  median 
length  about  1-2  times  the  maximum  breadth.  Glabella  is  relatively  narrow  at  occipital 
furrow,  but  expands  forwards  rapidly,  both  vertically  and  transversely,  standing  high 
above  the  remainder  of  the  cranidium  and  attaining  its  maximum  dimensions  just  for- 
ward of  centre,  where  the  breadth  is  about  1-7  times  the  basal  breadth.  Sides  of  glabella 
then  converge  frontally  to  give  a well-rounded,  swollen,  frontal  glabellar  lobe  which 
almost  overhangs  the  preglabellar  field.  Glabella  of  the  most  complete  figured  specimen 
(Plate  49,  fig.  8)  shows  only  faint  traces  of  glabellar  furrows.  Another  specimen,  an  ex- 
ternal mould  figured  here  as  a latex  cast  (Plate  49,  fig.  3),  indicates  the  presence  of  three 
pairs  of  glabellar  furrows.  Latter  are  represented  by  poorly  defined,  slightly  depressed. 


EXPLANATION  OF  PLATE  49 

Figs.  1-8.  Tiresias  insculptus  M’Coy.  Figs.  1-4,  6,  8,  Ashgill  Series,  Chair  of  Kildare  Limestone, 
Kildare,  Eire.  Figs.  1 , 2,  4,  6,  Geological  Survey  and  Museum  35535,  an  almost  complete  cranidium 
with  most  of  the  test  preserved.  X9.  Fig.  8,  same  specimen.  Xl7.  Fig.  3,  Sedgwick  Museum, 
A.  13931,  latex  cast  from  external  mould.  X 13.  Figs.  5, 7,  Ashgill  Series,  Keisley  Limestone,  Keisley, 
Westmorland.  Harkness  Collection,  Carlisle  Museum,  an  incomplete  cranidium  with  part  of  test 
intact.  X 3-5.  Photographs  by  the  writer. 
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oval-shaped  areas  which,  unlike  the  remainder  of  the  glabellar  test,  are  completely 
smooth.  First  glabellar  furrows  are  sited  opposite  the  mid-point  of  the  glabella,  and 
extend  adaxially  and  slightly  backwards  for  a short  distance  from  just  inside  the  axial 
furrows.  Second  and  third  pairs  of  glabellar  furrows  are  grouped  close  together,  roughly 
mid-way  between  the  first  glabellar  furrows  and  the  occipital  furrow.  Axial  furrows 
broad,  well  defined,  diverging  forwards  for  rather  more  than  half  their  length  and  then 
curving  forwards  and  inwards  to  encompass  the  swollen,  frontal  glabellar  lobe,  in  front 
of  which  they  unite  with  the  undifferentiated  preglabellar  furrow.  Preglabellar  field, 
analogous  to  what  Whittington  (1956,  p.  1194)  has  called  the  frontal  area,  is  narrow 
(sag.)  and  steeply  declined  in  front  of  the  glabella.  Occipital  furrow  is  well  defined, 
moderately  deep,  transversely  straight,  delimiting  an  occipital  ring  which  is  uniformly 
broad  {sag.},  longitudinally  fiat  and  strongly  convex  transversely:  the  occipital  ring  is 
not  known  in  its  entirety,  but  the  most  complete  specimen,  although  partly  broken, 
shows  a suggestion  of  a poorly  defined,  median  tubercle.  Pleuroccipital  furrow  is  deep 
and  transversely  straight  for  the  most  part,  in  line  with  the  occipital  furrow,  but  becomes 
shallower  distally,  at  the  same  time  curving  forwards  slightly  and  dying-out  without 
attaining  the  lateral  margins.  Posterior  border  is  narrow  (exsag.)  and  transversely 
straight  for  half  its  length  (tr.),  after  which  it  is  turned  down  through  almost  a right 
angle  and  expands  towards  the  genal  angles  which  are  produced  backwards  to  form 
rounded  genal  prolongations,  moderate  in  size  and  almost  spatulate  in  plan.  Fixigenae 
are  roughly  quadrant-shaped,  narrowing  frontally  where  they  unite  with  the  pre- 
glabellar field.  Lateral  margins  of  the  fixigenae  are  smoothly  curved,  each  with  a small 
indentation  situated  anterolaterally,  and  the  general  appearance  is  highly  suggestive  of 
a cephalic  suture.  No  palpebral  lobes  are  developed,  but  it  is  possible  that  the  antero- 
lateral indentations  mentioned  above  may  mark  the  position  of  eyes.  With  the  exception 
of  the  axial,  pleuroccipital,  and  glabellar  furrows  already  described,  the  entire  dorsal 
surface  of  the  test  is  covered  with  thin,  raised,  anastomosing  ridges  forming  a con- 
spicuous Bertillon  pattern.  The  ridges  on  the  fixigenae  and  posterior  border  are  sub- 
parallel to  the  lateral  margins  and  concentric  about  the  proximal  posterior  angles,  whilst 
those  of  the  glabella  and  occipital  ring  are  concentric  about  a centre  situated  medially 
a short  distance  in  front  of  the  occipital  furrow. 

Librigenae,  hypostoma,  thorax,  and  pygidium  are  as  yet  unknown. 

DISCUSSION 

Perhaps  the  most  interesting  feature  of  the  cranidium  of  Tiresias  insculplus  is  its  striking 
similarity  to  that  of  the  North  American  isocolid  trilobite  Holdenia  typa,  described 
originally  by  Cooper  (1953,  p.  9,  pi.  2,  figs.  1 1-14)  and  since  redescribed  by  Whittington 
(1956,  p.  1197).  The  two  cranidia  are  almost  indistinguishable,  but  T.  insculptus  may 
perhaps  be  separated  by  its  somewhat  more  swollen  glabella,  slightly  wider  (sag.) 
preglabellar  field,  and  narrower  fixigenae,  though  insufficient  material  is  available  to 
indicate  whether  these  differences  might  be  accounted  for  within  the  limits  of  variation 
in  the  species.  A final  decision  on  the  identity  of  Tiresias  and  Holdenia  must  await  the 
discovery  of  the  pygidium  of  Tiresias. 

Holdenia  typa  was  described  from  the  Elfna  Limestone  of  Virginia,  an  horizon  which 
is  of  early  Black  River  age  and  therefore  probably  equivalent  to  part  of  the  lowest 
Caradoc  Series  (Twenhofel  et  al.,  1954,  chart  2).  Tiresias  insculptus  is  undoubtedly  of 
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Ashgill  age  but,  like  Holdenia  and  other  Isocolidae,  it  has  been  found  only  in  a reef 
limestone  facies.  Certain  other  trilobite  genera,  including  Raphiophoridae  and  Pterygo- 
metopidae,  are  represented  in  the  earlier  Caradoc  Series  of  both  eastern  North  America 
and  the  Scots-Irish  area,  but  do  not  appear  in  the  Anglo-Welsh  area  until  Ashgill  or  late 
Caradoc  times,  and  Tiresias  may  well  be  an  American  genus  which  has  behaved 
similarly. 
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THE  TRIASSIC  FISH  SAURICHTHYS 
KRAMBERGERI  SCHLOSSER 

by  JOHN  GRIFFITH 


Abstract.  This  paper  gives  a detailed  account  of  the  unique  holotype  of  Saurichthys  kramhergeri.  A figure  of 
this  specimen  was  published  as  long  ago  as  1918  but,  apart  from  a brief  reference  to  it  by  Stensio,  it  has  not 
previously  been  described.  The  illustrations  include  an  attempted  reconstruction  of  the  skull.  The  structure  of 
the  teeth  shows  that  some  of  Stensio’s  views  concerning  the  teeth  of  saurichthyids  are  no  longer  tenable,  and 
it  is  concluded  that  there  are  no  characters  which  enable  species  to  be  referred  to  the  genus  Saurichthys  solely  on 
the  basis  of  tooth  structure.  The  relationship  of  the  angular  and  dentary  bones  is  compared  with  the  condition 
in  other  species  of  Saurichthys  and  in  the  genus  Saurorhynchus . The  reduction  in  the  squamation  and  the  large 
size  are  discussed. 

Saurichthys  kramhergeri  has  been  known  for  more  than  forty  years,  but  no  comprehen- 
sive description  has  been  published.  The  earliest  reference  to  this  species  occurs  in  the 
third  edition  of  Zittel’s  Gnmdziige  der  Paldontologie  {Paldozoologie),  Abt.  2 (1918).  In  the 
section  on  fishes,  revised  in  this  edition  by  M.  Schlosser,  there  appears  a drawing  of  an 
almost  entire  saurichthyid  fish  with  the  legend  'Saurichthys  Kramhergeri,  Schlosser. 
Obere  Trias.  Adnet  bei  Salzburg’.  There  is  no  mention  of  this  species  in  the  text.  In  the 
fourth  edition  of  Zittel’s  text-book  (Zittel  1923)  the  same  illustration  is  reproduced  but 
to  the  legend  has  been  added  ‘l/8th  nat.  gr.’;  again  there  is  no  mention  in  the  text. 
Stensio  (1925)  refers  to  certain  features  of  the  anatomy  of  S.  kramhergeri — notably  the 
structure  of  the  vertebral  column — but  does  not  give  a full  description  or  include  any 
illustrations  of  this  species. 

I wish  to  express  my  gratitude  to  Professor  Dr.  Richard  Dehm,  Director  of  the  Bayerische  Staats- 
sammlung  fur  Palaontologie  und  historische  Geologic  at  Munich,  for  permitting  me  to  examine  the 
holotype  of  Saurichthys  kramhergeri  and  other  valuable  specimens  in  his  care,  and  for  providing  me 
with  facilities  for  doing  so.  I am  also  grateful  to  Dr.  K.  Werner  Barthel  for  his  invaluable  assistance 
and  to  the  technical  staff  of  the  museum  for  the  preparation  of  photographs  and  casts. 

In  addition  I acknowledge  financial  assistance  from  the  Central  Research  Fund  of  the  University 
of  London,  and  the  Governors  of  Guy’s  Hospital  Medical  School. 

SYSTEMATIC  DESCRIPTION 

Saurichthys  Kramhergeri  M.  Schlosser  1918,  fig.  158. 

Saurichthys  kramhergeri  Schlosser.  E.  A.  Stensio  1925,  pp.  180-1. 

Belottorhynchus  kramhergeri  (Schlosser).  A.  S.  Woodward  1932,  fig.  191. 

As  Reis  (1892)  and  Stensio  (1919,  1925)  have  shown,  the  generic  name  Belonorhynchus 
Bronn  1858  is  a synonym  of  Saurichthys  Agassiz  1834.  The  specific  name  Saurichthys 
kramhergeri  therefore  has  priority  over  Belonorhynchus  kramhergeri. 

Diagnosis.  Large  teeth  of  the  dentition  with  the  following  characteristics:  apical  cap 
occupying  approximately  half  of  the  tooth  height ; basal  portion  of  tooth  with  moderately 
prominent  ridges;  apical  cap  bearing  well-marked,  coarse  ridges  but  no  keels;  pulp 

[Palaeontology,  Vol.  5,  Part  2,  1962,  pp.  344-54,  pi  50.] 
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cavity  extending  nearly  to  tooth  apex.  Dentary  relatively  large  and  extending  posteriorly 
ventral  to  the  angular.  Scales  restricted  to  two  longitudinal  rows.  Fin  ray  numbers: 
pectoral  32;  pelvic  25;  dorsal  38;  anal  27+ ; caudal-epicaudal  lobe  32,  hypocaudal  lobe 
c.  32.  Rays  of  pelvic  fin  unjointed,  otherwise  all  fins  contain  some  rays  which  are  both 
jointed  and  branched.  No  fulcral  scales  present. 

Holotype.  The  almost  complete  skeleton  of  a large  fish  preserved  lying  on  its  side.  The 
specimen,  which  comes  from  deposits  of  Upper  Triassic  age  at  Adnet,  near  Salzburg 
in  Austria,  is  in  the  Bayerische  Staatssammlung  fiir  Palaontologie  at  Munich  (specimen 
number  1910/1/8).  No  other  material  of  this  species  has  been  recorded. 


TEXT-FIG.  1.  Saurichthys  krainbergeri.  Reconstruction  of  skull  in  lateral  view,  ang.,  angular;  cl., 
cleithrum;  dent.,  dentary;  f.,  frontal;  max.,  maxilla;  n.,  nasal;  op.,  opercular;  pmax.,  premaxilla; 
pop.,  preopercular;  sang.,  supra-angular;  scl.,  supracleithrum ; sp.a.,  position  of  spiracular  opening; 

sscap.,  suprascapular;  temp.,  temporal. 

Measurements  and  proportions 

Total  length  113-0  cm. 

Maximum  depth  of  trunk  c.  7-0  cm. 

Length  of  skull  (including  operculum)  32-8  cm. 

The  body  is  very  long  and  slender  and  the  head  occupies  a considerable  proportion 
(29  per  cent.)  of  the  total  length  (Plate  50,  fig.  1).  The  pectoral  fins  lie  close  behind  the 
operculum.  The  small  pelvic  fins  are  placed  a little  nearer  to  the  operculum  than  to  the 
caudal  fin.  Posterior  to  the  dorsal  and  anal  fins  the  body  tapers  to  the  slender  caudal 
peduncle  which  bears  the  large,  bilobed  caudal  fin. 

The  skull.  The  head  is  prolonged  into  a long,  sharply  pointed  beak,  in  the  formation  of 
which  both  upper  and  lower  jaws  are  involved  (Plate  50,  fig.  2).  Owing  to  the  method  of 
preservation  comparatively  little  can  be  made  out  of  the  bones  of  the  skull  roof.  Most 
of  the  larger  elements  forming  the  side  of  the  head  can  be  distinguished,  and  these  are 
shown  restored  in  text-fig.  1. 

The  orbit  appears  to  have  been  of  moderate  size,  though  its  entire  boundary  could  not 
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accurately  be  determined;  a small  portion  of  the  sclerotic  ring  can  be  seen  just  in  front 
of  its  posterior  margin. 

The  premaxilla  is  an  elongated  element  which,  in  addition  to  occupying  approximately 
two-thirds  of  the  edge  of  the  upper  jaw,  also  covers  nearly  all  of  the  lateral  and  dorso- 
lateral surface  of  the  rostrum.  The  two  premaxillae  appear  to  be  in  contact  dorsally,  at 
and  near  their  anterior  ends.  Farther  back  they  may  have  been  separated  by  one  or  more 
postrostral  bones  or  they  may  have  remained  in  contact  with  each  other  as  far  as  the 
anterior  limits  of  the  frontals,  but  it  is  impossible  to  decide  this  from  the  specimen. 
Posteriorly  the  premaxillae  end  level  with  the  anterior  limit  of  the  orbit.  The  maxilla  has 
an  expanded  posterior  portion  which  forms  a considerable  part  of  the  side  of  the  skull 
posterior  to  the  orbit,  and  a slender  anterior  part  which  extends  forwards  beneath  the 
orbit  to  meet  the  premaxilla.  The  posterior  portion  of  the  maxilla  is  in  close  contact 
along  much  of  its  dorsal  and  its  entire  posterior  margin  with  the  preopercular.  Part  of 
the  suture  between  these  two  bones  can  be  distinguished  in  the  specimen;  the  remainder 
probably  followed  the  path  indicated  by  the  broken  line  in  the  reconstruction.  In  the 
posterior  part  of  the  maxilla  the  ventral  edge  projects  downwards  in  a gentle  curve  and 
overlies  the  dorsal  edge  of  the  mandible.  The  preopercular  can  also  be  considered  to 
consist  of  two  parts:  an  expanded  dorsal  portion  which  lies  dorsal  to  the  maxilla,  and  a 
narrower  ventral  part  which  lies  posterior  to  the  maxilla.  The  nasal  is  a roughly  triangular 
bone  lying  with  its  apex  directed  forwards.  Its  concave  posterior  margin  seems  to  have 
formed  the  anterior  limit  of  the  orbit.  The  exact  shape  and  extent  of  the  frontals  cannot 
be  determined.  They  were  probably  in  contact  with  each  other  in  the  mid-dorsal  line, 
and  they  appear  to  have  formed  part  of  the  dorsal  margin  of  the  orbit.  Anterior  to  the 
orbit  the  frontals  extend  forwards  above  and  between  the  nasals  to  make  contact  with 
the  premaxillae.  Part  of  the  lateral  edge  of  the  temporal  bone  can  be  seen.  This  runs  near 
to,  and  parallel  with,  the  dorsal  edge  of  the  preopercular  but  the  two  bones  were  not  appa- 
rently in  direct  contact.  The  lateral  margin  of  the  temporal  continues  forwards  in 
a straight  line  but  turns  ventrally  a little  distance  in  front  of  the  anterior  limit  of  the  pre- 
opercular so  that  these  two  bones  partly  enclose  a gap  in  the  dermal  bony  covering  of 
the  head.  Stensio  interprets  a similar  space  in  the  skull  of  Saurichthys  ornatus  as  marking 
the  position  in  life  of  the  external  opening  of  the  spiracle  (Stensio  1925). 

The  mandible  is  very  powerfully  built.  Posteriorly  it  is  as  deep  as  the  remainder  of  the 
skull  is  high.  Anteriorly  it  appears  to  end  a little  distance  behind  the  extreme  anterior 
end  of  the  upper  jaw.  Careful  examination,  however,  shows  that  the  tip  of  the  mandible 
is  missing  in  the  specimen  so  that  it  was  originally  somewhat  longer  and  in  the  recon- 
struction I have  shown  it  as  equal  in  length  to  the  upper  jaw.  The  posterior  margin  of  the 
exposed  right  mandibular  ramus  is  damaged  and  is  tentatively  restored  in  the  figure.  The 
dentary  is  remarkable  both  for  its  large  size  and  for  the  development  of  a process  which 
extends  posteriorly  for  a considerable  distance  ventral  to  the  angular.  Due  to  the  pre- 
sence of  this  prolongation  of  the  dentary  the  angular  too  is  unusual  when  compared  to 
other  saurichthyids  in  regard  to  its  shape,  which  is  roughly  that  of  an  isosceles  triangle 


EXPLANATION  OF  PLATE  50 

Fig.  1.  Saurichthys  krambergeri.  Holotype.  Bayerische  Staatssammlung  fiir  Palaontologie  und  his- 
torische  Geologic,  Munich.  1910/1/8. 

Fig.  2.  S.  krambergeri.  Skull  of  holotype. 
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with  the  apex  directed  forwards,  and  also  in  the  very  small  extent  to  which  it  contributes 
to  the  ventral  margin  of  the  mandible.  A considerable  part  of  the  antero-dorsal  edge  and 
more  than  three-quarters  of  the  antero-ventral  edge  of  the  angular  are  in  contact  with 
the  dentary.  The  remainder  of  the  antero-dorsal  edge  is  in  contact  with  the  supra-angular 
element  and  the  posterior  edge  of  the  angular  forms  nearly  all  of  the  posterior  margin  of 
the  mandible.  The  supra-angular  is  poorly  preserved.  Nevertheless  a good  idea  of  its 
shape  can  be  obtained  as  the  fragments  present  include  the  posterior  edge  and  part  of 
the  dorsal  edge  of  the  bone,  and  further  information  is  given  by  the  well-marked  antero- 
dorsal  margin  of  the  angular.  The  exact  position  of  the  suture  between  the  supra-angular 
and  the  dentary  could  not  be  determined;  its  approximate  position  is  indicated  in  the 
reconstruction  by  a broken  line. 

The  opercular  region  can  be  interpreted  in  one  of  two  ways  depending  upon  whether 
or  not  a separate  subopercular  bone  was  present  originally.  The  remains  represent  either 
an  almost  entire  right  opercular,  seen  partly  in  impression  and  with  its  ventral  edge  miss- 
ing, and  ventral  to  this  the  major  part  of  a less  well-preserved  left  subopercular,  or, 
alternatively,  rather  more  than  the  dorsal  half  of  the  right  opercular  and  the  ventral 
portion  of  the  left  opercular.  In  all  saurichthyids  in  which  the  opercular  region  is  known 
the  operculum  was  supported  solely  by  the  large  opercular  bone  and  no  subopercular 
bone  is  present.  In  the  absence  of  evidence  to  the  contrary  it  should  therefore  be  supposed 
that  this  was  also  the  condition  in  S.  krambergeri  and  so  the  second  of  the  two  alternative 
interpretations  given  above  must  be  adopted.  In  this  case  the  operculum  appears  to  have 
been  approximately  twice  as  high  as  it  is  long.  Antero-dorsally  it  is  produced  into  an 
angle  but  apart  from  this  is  roughly  oval  in  shape.  No  branchiostegal  rays  can  be 
distinguished. 

Nothing  can  be  seen  of  the  sensory  canal  system. 

Over  much  of  the  skull  the  external  surface  of  the  dermal  bones  has  been  damaged 
or  is  poorly  preserved,  but  elsewhere  it  is  possible  to  see  something  of  the  superficial 
ridges  and  pits  with  which  these  bones  were  ornamented.  The  lateral  surfaces  of  the 
premaxilla  and  dentary,  and  much  of  the  surface  of  the  maxilla  and  preopercula,  bear 
numerous,  very  fine,  parallel  ridges.  These  run,  for  the  most  part,  approximately  at  right 
angles  to  the  edge  of  the  jaw,  but  those  on  the  dentary  tend  to  be  inclined  slightly  more 
towards  a postero-dorsal — antero-ventral  direction.  In  certain  areas  these  fine  ridges 
are  replaced  by  rather  coarser  ones.  On  the  dentary,  these  coarse  ridges  lie  near  the  ven- 
tral edge  of  the  bone.  In  the  anterior  three-quarters  of  this  bone,  they  run  roughly  parallel 
to  the  ventral  edge;  in  the  posterior  quarter,  they  are  irregular  in  their  disposition.  On 
the  angular,  they  appear  to  radiate  from  the  postero-ventral  angle  of  the  bone.  On  the 
preopercula,  they  radiate  from  the  postero-dorsal  angle  of  the  bone,  but  are  somewhat 
irregular  and  tend  to  anastomose  so  as  to  enclose  shallow  depressions  or  pits.  Beneath  the 
orbit,  the  maxilla  bears  coarse  ridges  which  run  parallel  with  the  edge  of  the  jaw,  but  a 
little  farther  back  the  ornament  takes  the  form  of  anastomosing  ridges.  The  antero-dorsal 
part  of  the  opercular  bone  is  pitted.  The  remainder  of  the  bone  shows  faint  concentric 
growth-lines  and  very  fine,  parallel  ridges  running  mainly  in  a dorso-ventral  direction 
but  curving  forwards  a little  near  the  upper  margin  of  the  bone. 

The  most  conspicuous  feature  of  the  dentition  is  the  presence,  in  approximately  the 
anterior  third  of  both  upper  and  lower  jaws,  of  a series  of  large  conical  teeth.  In  the  speci- 
men some  of  the  large  teeth  have  been  broken  away;  the  number  originally  present  in 
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both  the  right  upper  jaw  and  the  right  lower  jaw  appears  to  have  been  thirteen.  These 
teeth  are  arranged  so  that  those  of  the  upper  jaw  fitted  between  those  of  the  lower  jaw  in 
occlusion.  Opposite  some,  at  least,  of  the  large  teeth  the  bone  of  the  opposing  jaw  con- 
tains depressions  into  which  the  tooth  apices  fitted.  The  teeth  are  bluntly  conical  in 
shape,  and  are  very  gently  curved  so  that  their  apices  are  directed  slightly  backwards. 
They  show  no  sign  of  lateral  compression,  i.e.  they  are  approximately  circular  in  section. 
Each  tooth  is  clearly  differentiated  into  an  apical  cap  composed  of  vitrodentine  and 
a basal  portion  of  orthodentine.  Several  of  the  large  teeth  are  badly  worn,  some  showing 
well-marked  wear  facets  caused  by  repeated  contact  with  teeth  of  the  opposing  jaw. 
Measurements  were  taken  from  eight  of  the  least  damaged  of  the  large  teeth.  The  height 
of  these  teeth  ranges  from  3-3  mm.  to  5-2  mm.  On  average,  the  tooth  height  is  approxi- 
mately twice  the  diameter  of  the  tooth  base,  and  the  apical  cap  occupies  a little  more  than 
one-half  (55  per  cent.)  of  the  total  height.  The  basal  portion  of  each  tooth  bears  mode- 
rately prominent  ridges.  These  run  in  a general  basal-apical  direction  but  are  slightly 
irregular  and  tend  to  anastomose.  The  apical  cap  is  roughly  conical  in  shape.  Its  height 
is,  on  average,  one  and  a half  times  its  maximum  diameter.  The  surface  of  the  apical 
cap  bears  a number  of  coarse  ridges  which  run  from  the  base  of  the  cap  towards  the 
tooth  apex  but  there  is  no  indication  of  the  development  of  the  prominent  keels  such  as 
are  found  in  Saurichthys  opicalis.  In  some  of  the  teeth  the  vitrodentine  of  the  apical  cap 
is  sufficiently  transparent  to  allow  the  pulp  cavity  to  be  seen  without  any  further  prepara- 
tion. It  is  interesting  to  notice  that  in  these  teeth  the  pulp  cavity  extends  for  a considerable 
distance  into  the  portion  of  the  tooth  covered  by  the  apical  cap,  reaching  nearly  to  the 
tooth  apex. 

Between  the  large  teeth  which  have  just  been  described  lie  more  numerous  smaller 
teeth,  the  largest  of  which  attain  a height  of  approximately  2 mm.  These  smaller  teeth 
appear  to  be  of  similar  appearance  to  the  large  teeth  but  are  less  well  displayed  in  the 
specimen. 

Vertebral  column.  In  the  specimen  the  vertebral  column  is  represented  by  a continuous 
series  of  ossified  dorsal  elements,  and  a number  of  ossified  ventral  elements  lying  in  the 
region  of  the  caudal  fin;  there  is  no  trace  of  vertebral  centra.  It  seems  probable  that  in 
life  a persistent  notochord  was  present  and  also  that  the  row  of  ventral  elements  was 
completed  by  cartilaginous  structures  lying  anterior  to  the  ossified  ventral  elements 
present  in  the  caudal  region  of  the  fossil.  Each  dorsal  element  is  composed  of  a neural 
arch  to  which  is  attached  a long  neural  spine  (text-fig.  2).  Each  neural  arch  consists  of 
a pair  of  curved  bony  plates  which  extended  one  on  either  side  of  the  spinal  cord  and 
probably  made  contact  with  the  dorso-lateral  surfaces  of  the  notochord.  The  ventral 
margins  of  the  neural  arch  are  convex.  Both  the  anterior  and  the  posterior  margins  are 
markedly  concave,  and  the  concavities  of  contiguous  neural  arches  are  so  arranged  as  to 
form  a series  of  relatively  large  oval  spaces  between  them,  which  must  have  served  for 
the  emergence  of  the  spinal  nerves.  Successive  neural  arches  though  close  together  are 
not  directly  in  contact  and  bear  no  articulating  processes.  The  neural  spines  are  stout 
and  slope  backwards  at  an  angle  of  approximately  35°  to  the  long  axis  of  the  vertebral 
column.  In  species  of  the  family  Saurichthyidae  where  the  structure  of  the  vertebral 
column  is  known  in  some  detail,  e.g.  Saurichthys  madagascariensis  (Lehman  1952)  and 
Saurorhynchus  brevirostris  (Hauff  1938),  the  neural  spines  have  been  shown  to  be  double 
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structures  composed  of  separate  left  and  right  ossifications  which  were  probably  joined 
in  life  by  cartilage  or  fibrous  tissue.  It  is  impossible,  owing  to  the  manner  in  which  the 
vertebral  structures  are  preserved,  to  determine  the  exact  condition  in  Saurichthys 
krambergeri.  However,  the  fact  that  in  the  specimen  none  of  the  neural  spines  appears 
with  left  and  right  halves  displaced  relative  to  one  another  seems  to  indicate  either  that 
the  neural  arches  are  single,  i.e.  median  structures,  or  alternatively  if  they  are  double 
structures  that  the  left  and  right  halves  were  firmly  joined  together.  In  the  trunk  region 


TEXT-FIG.  2.  Saurichthys  krambergeri.  Reconstruction  of  ossified  dorsal  vertebral  elements  of  the  trunk 

region  in  lateral  view.  Anterior  to  the  right. 

each  neural  arch  is  approximately  4 mm.  in  height,  and  each  neural  spine  approximately 
20  mm.  long.  The  arrangement  of  the  vertebral  elements  in  the  caudal  pedicel  is  con- 
cealed by  the  enlarged  scales  present.  Within  the  caudal  fin  the  neural  spines  supported 
the  fin  rays  of  the  epicaudal  lobe.  The  termination  of  the  vertebral  column  is  not  pre- 
served. Ossified  haemal  arches  and  haemal  spines  are  present  in  the  region  of  the  caudal 
fin  where  they  served  to  support  the  hypocaudal  lobe. 

The  total  number  of  vertebrae  present  appears  to  have  been  approximately  190. 

Appendicular  skeleton.  Nothing  can  be  seen  of  the  endoskeletal  part  of  the  pectoral 
girdle.  The  dermal  bones,  however,  are  visible  and  these  consist  of  the  suprascapula, 
supracleithrum,  and  cleithrum ; there  is  no  clavicle.  The  suprascapula  and  supracleithrum 
are  both  small,  slightly  curved  bones.  The  anterior  end  of  the  former  was  in  contact  with 
the  temporal  bone  of  the  skull  roof.  The  cleithrum  is  a large  bone  composed  of  a rela- 
tively broad  ventral  portion  lying  parallel  to  the  long  axis  of  the  head,  and  a more  slender 
dorsal  process  lying  approximately  at  right  angles  to  it.  The  ventral  portion  tapers 
slightly  towards  its  rounded  posterior  end;  anteriorly  it  extends  forwards  mesial  to  the 
mandible  but  its  full  extent  in  this  direction  cannot  be  ascertained.  Approximately  the 
lower  half  of  the  dorsal  process  of  the  cleithrum  bears  moderately  fine,  irregular  ridges 
on  its  external  surface.  Surface  detail  is  not  preserved  on  the  remainder  of  the  pectoral 
girdle. 

The  right  pectoral  fin  is  well  preserved.  It  is  roughly  fan-shaped,  of  moderate  size,  and 
contains  approximately  thirty-two  fin-rays.  The  anterior  rays  increase  in  thickness  and  in 
length  until  the  fifth  or  sixth  ray,  after  which  there  is  little  change  in  the  length  of  the 
fin-rays  though  they  become  gradually  more  slender.  The  most  anterior  rays  are  slightly 
curved,  unbranched,  and  show  no  sign  of  transverse  joints.  From  about  the  sixth  ray 
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backwards  the  fin-rays  become  less  curved  and  branch  distally.  The  more  anterior  to 
these  branching  fin-rays  are  unjointed  and  fork  once  only.  The  more  posterior  rays  branch 
into  four  and  appear  to  have  been  jointed  for  a little  distance  proximal  to  the  level  at 
which  they  branch. 

The  pelvic  girdle  is  not  preserved.  The  pelvic  fins  are  slightly  smaller  than  the  pectoral 
and  are  roughly  triangular  in  shape  with  a curved  anterior  margin.  Both  fins  are  present 
in  the  specimen  but  the  right  fin  is  better  preserved  than  the  left.  It  contains  at  least 
twenty-five  slightly  curved  rays  none  of  which  appears  to  have  been  jointed.  The  anterior 
rays  increase  rapidly  in  length  until  about  the  fifth  ray  which  is  the  longest  in  the  fin  and 
also  the  stoutest.  After  this  the  fin-rays  become  gradually  shorter  and  more  slender. 
The  most  anterior  rays,  up  to  and  including  the  longest  ray,  are  unbranched,  the  re- 
mainder fork  distally;  some  at  least  into  four. 

Both  dorsal  and  anal  fins  were  supported  by  a number  of  ossified,  radial  elements  lying 
within  the  body  and  at  an  angle  of  approximately  25°  to  the  long  axis  of  the  vertebral 
column.  These  structures  are  poorly  preserved  in  the  specimen,  but  are  considerably  less 
numerous  than  the  fin-rays  which  they  supported,  and  appear  to  have  corresponded  in 
number  to  the  vertebrae  in  this  region. 

The  dorsal  fin  is  large,  having  a maximum  height  of  9 cm.  and  a length  of  8 cm.  It  is 
roughly  triangular  in  shape  with  a curved  anterior  margin  and  contains  approximately 
thirty-eight  rays  all  of  which  are  jointed.  The  longest  and  stoutest  ray  is  probably  the 
eleventh  or  twelfth  from  the  commencement  of  the  fin,  though  owing  to  the  small  size 
and  poor  preservation  of  some  of  the  most  anterior  rays  it  is  impossible  to  determine 
with  accuracy  the  number  of  rays  preceding  it.  This  ray  and  the  rays  anterior  to  it  are 
unbranched;  the  remainder  branch  distally  into  four.  The  rays  in  the  anterior  part  of 
the  fin  are  noticeably  stouter  than  the  more  posterior  rays. 

The  anal  fin  is  placed  a little  farther  from  the  head  than  is  the  dorsal,  the  most  anterior 
ray  of  the  former  being  opposite  to  the  seventh  ray  of  the  latter.  It  is  less  well  preserved 
than  the  dorsal  but  appears  to  have  been  originally  of  approximately  the  same  size  and 
shape.  The  anal  fin  contained  at  least  twenty-seven  rays  all  of  which  are  jointed.  The 
longest  and  stoutest  ray  is  the  tenth  or  eleventh.  The  anterior  rays  are  unbranched,  the 
remainder  branch  distally  into  four.  As  in  the  dorsal  fin,  the  rays  in  the  posterior  part  of 
the  fin  are  more  slender  than  those  in  the  anterior  part. 

The  caudal  fin  is  large  and  bilobed.  Internally  the  epicaudal  lobe  was  supported  by 
ossified  neural  spines  and  the  hypocaudal  lobe  by  ossified  haemal  spines.  The  portion  of 
the  vertebral  column  contained  within  the  caudal  fin  appears  to  have  been  straight  and 
in  line  with  the  long  axis  of  the  body.  In  both  lobes  the  fin-rays  are  more  numerous  than 
the  endoskeletal  supports.  The  epicaudal  lobe  measures  approximately  8 cm.  in  height 
and  contains  approximately  thirty-two  rays  all  of  which  are  repeatedly  jointed.  The 
longest  ray  is  probably  the  twelfth.  This  ray  and  the  rays  anterior  to  it  are  unbranched 
and  relatively  stout.  The  rays  posterior  to  the  longest  ray  decrease  in  relative  thickness  as 
well  as  in  length,  and  branch  distally,  some,  at  least,  into  four.  The  hypocaudal  lobe  is 
partly  damaged  but  the  portion  preserved  closely  resembles  the  corresponding  part  of 
the  epicaudal  lobe. 

Squamation.  The  scales  are  limited  to  two  longitudinal  rows,  one  in  the  mid-dorsal  line 
and  the  other  in  the  mid-ventral  line.  The  lateral  line  scale  rows  found  in  the  majority 
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of  saurichthyids  appear  to  have  been  absent  in  this  species.  The  scales  of  the  mid-dorsal 
row  commence  immediately  behind  the  skull.  As  far  as  the  level  of  the  pelvic  fin  they  are 
stoutly  needle-shaped  and  approximately  14  mm.  long  (text-fig.  2>a).  Behind  this  region 
they  increase  gradually  in  size  until  the  dorsal  fin  which  interrupts  the  scale  row.  The 
scale  immediately  in  front  of  the  dorsal  fin  has  a length  of  28  mm.  and  is  relatively  broader 
than  the  more  anterior  scales.  Posterior  to  the  dorsal  fin — on  the  caudal  peduncle — the 


a 


I cm. 

I I 


TEXT-FIG.  3.  Saurichthys  krambergeri.  Reconstructions  of:  a,  part  of  dorsal  scale  row  in  mid-trunk 
region  in  lateral  view;  b,  part  of  ventral  scale  row  immediately  anterior  to  caudal  fin  in  ventral  view. 
The  stippled  area  in  b indicates  the  part  of  a scale  which  was  originally  covered  by  the  preceding  scale. 

In  both  a and  b anterior  is  to  the  right. 

scales  of  the  mid-dorsal  row  are  not  so  well  preserved  as  those  of  the  mid-ventral  row 
and  only  their  internal  surfaces  are  exposed.  It  is  obvious,  however,  that  they  are  similar 
to  the  corresponding  scales  of  the  mid-ventral  series  (described  below)  and  also  that  they 
are  well  developed  and  considerably  broader  than  the  scales  anterior  to  the  dorsal  fin. 

There  are  no  scales  of  the  mid-ventral  series  preserved  in  the  anterior  trunk  region. 
This  may  be  either  an  accident  of  preservation  or  else  the  scale  row  may  have  started 
some  distance  behind  the  head.  In  the  region  of  the  pelvic  fins  the  mid-ventral  scale  row 
appears  to  have  divided  into  two  and  then  reunited  so  as  to  form  an  oval,  anal  loop, 
though  the  exact  arrangement  of  the  scales  could  not  be  determined.  With  the  exception 
of  the  features  described  above  the  scales  of  the  mid-ventral  series  appear  to  have  been 
exactly  like  the  corresponding  scales  of  the  mid-dorsal  row.  On  the  caudal  peduncle 
the  ventral  scales  are  better  preserved  than  the  dorsal  scales  and  so  will  be  described  in 
greater  detail.  Roughly  ten  scales  lie  in  this  region  (text-fig.  ?>b).  The  first  eight  scales 
after  the  anal  fin  are  very  well  developed  and  each  has  an  overall  length  of  approximately 
35  mm.  The  exposed  posterior  parts  of  these  scales  are  broad  and  shield-shaped  with  the 
apex  of  the  shield  directed  posteriorly  and  fitting  into  a V-shaped  notch  in  the  anterior 
edge  of  the  exposed  part  of  the  succeeding  scale.  In  the  two  broadest  scales — the  sixth 
and  seventh  from  the  anal  fin — the  exposed  portion  measures  14-5  mm.  in  width  and  has 
a length  in  the  mid-ventral  line  of  12  mm.  The  external  surface  of  each  of  these  eight 
scales  bears  rather  irregular,  anastomosing  ridges  which  show  a slight  tendency  to 
radiate  from  the  centre  of  the  exposed  portion.  The  internal  surface  of  the  exposed  part 
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is  smooth  but  bears  a prominent  median  keel.  The  unexposed  part  of  the  scale,  which 
was  embedded  in  the  dermis,  is  narrower  than  the  exposed  portion  and  is  unornamented. 
Its  inner  surface  bears  a keel  continuous  with  that  found  on  the  inner  surface  of  the 
exposed  part  of  the  scale.  Its  outer  surface  shows  a well-marked  longitudinal  groove 
for  the  reception  of  the  keel  on  the  inner  surface  of  the  preceding  scale.  The  two  scales 
immediately  in  front  of  the  hypocaudal  lobe  of  the  caudal  fin  are  less  well  developed  than 
the  other  scales  on  the  caudal  peduncle.  Their  exposed  portions  are  unornamented, 
narrower  and  more  triangular  in  outline,  but  these  scales  are  still  considerably  broader 
than  any  anterior  to  the  anal  fin. 

Except  for  those  regions  of  the  body  where  the  scale  rows  are  interrupted,  the  scales 
of  each  row  are  exactly  half  as  numerous  as  the  neural  arches. 

DISCUSSION 

In  many  features  of  its  skeleton,  Saurichthys  krambergeri  resembles  other  species  of 
the  Saurichthyidae  and  so  may  be  considered  to  be  a fairly  typical  member  of  the  family. 
There  are,  however,  several  features  worthy  of  comment. 

The  Structure  of  the  Teeth.  The  large  teeth  of  S.  krambergeri  differ  from  those  of 
the  other  species  of  the  genus  in  which  the  tooth  structure  is  known,  both  by  the  possession 
of  coarse  ridges  on  the  apical  cap  and  by  the  extent  of  the  penetration  of  the  pulp  cavity 
into  this  portion  of  the  tooth.  In  the  past,  several  authors  have  assumed  that  the  teeth 
of  members  of  the  genus  Saurichthys  share  a number  of  distinctive  features  which  enable 
isolated  teeth  to  be  identified  as  having  been  originally  part  of  the  dentition  of  a fish  of 
this  genus,  but,  with  the  exception  of  Stensio,  they  have  failed  to  indicate  clearly  what 
these  special  features  are.  In  1925  Stensio  enumerated  the  following  distinctive  characters 
— mainly  as  a result  of  his  work  on  the  Spitsbergen  saurichthyids.  He  considered  the 
teeth  of  Saurichthys,  in  so  far  as  they  were  then  known,  to  differ  from  those  of  Birger ia 
by  the  following  characters: 

(1)  the  pulp  cavity  does  not  extend — or  extends  only  very  slightly — into  the  distal  part  covered  by 
the  enamel  cap ; 

(2)  the  orthodentine  in  and  close  to  the  base  is  developed  as  simple  plici-dentine ; 

(3)  the  enamel  cap  is  either  smooth  or  with  an  extremely  fine  vertical  wrinkling,  but  never  with 
coarse,  sharp,  raised  striae. 

However,  if  one  considers  the  teeth  of  S.  krambergeri,  which  in  all  other  respects  appears 
to  be  a typical  saurichthyid,  it  becomes  clear  that  none  of  Stensio’s  criteria  can  stand. 
For  in  these  species:  (1)  the  pulp  cavity  extends  as  far  into  the  apical  cap  as  in  B.  acumi- 
natus  or  B.  mougeoti ; (2)  the  basal  portion  of  the  tooth  shows  no  sign  of  the  development 
of  even  simple  ‘plici-dentine’;  (3)  the  apical  cap  bears  striae  which  are  as  well  developed 
as  those  of  B.  acuminatus,  B.  mougeoti,  or  B.  stensidi.  An  examination  of  a number  of 
species  of  Saurichthys  shows  that  in  fact,  apart  from  the  simple  conical  shape  and  the 
division  of  the  tooth  into  a basal  portion  composed  of  orthodentine  and  an  apical  cap 
of  vitrodentine,  neither  of  which  is  an  exclusive  feature,  the  teeth  of  the  genus  Saurichthys 
show  considerable  interspecific  variation.  This  makes  it  doubtful  whether  this  genus 
possesses  any  tooth  characters,  or  combination  of  tooth  characters,  which  are  diag- 
nostic. It  follows  from  this  that  the  referring  of  species,  based  on  fragmentary  remains, 
to  the  genus  Saurichthys  on  the  basis  of  tooth  characters  alone  cannot  be  justified,  and 
that  such  identifications  must  be  regarded  with  suspicion. 
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The  Structure  and  Relationship  of  the  Angular  and  Dentary  Bones.  In  S.  krambergeri 
the  angular  is  largely  excluded  from  the  ventral  edge  of  the  mandible  by  the  develop- 
ment of  a backwardly  projecting  process  of  the  dentary.  This  process  extends  ventral  to 
the  angular  for  a distance  equal  to  approximately  three-quarters  of  the  length  of  the 
latter,  or  a little  less  than  one-fifth  of  the  total  jaw  length.  A somewhat  similar  process  of 
the  dentary  occurs  in  several  actinopterygian  fishes,  for  example  Watsonulus  eugnathoides, 
Caturus  porter i,  Pholidophorus  similis  (Grasse  1958),  but  this  condition  has  not  pre- 
viously been  described  in  a species  of  the  genus  Saurichthys. 

In  Saurichthys  ornatus  and  S.  elongatus  (Stensio  1925)  the  angular  is  a long,  slightly 
curved  bone,  fairly  high  posteriorly  but  tapering  gently  and  continuously  towards  its 
anterior  end.  There  is  no  postero-ventral  process  to  the  dentary,  and  the  whole  of  the 
ventral  edge  of  the  angular  takes  part  in  the  formation  of  the  ventral  margin  of  the 
dentary.  Thus  although  in  these  two  species  the  area  occupied  by  the  angular  is  slightly 
less  relative  to  the  total  area  of  the  external  surface  of  the  lower  jaw  than  in  S.  kram- 
bergeri, the  proportion  of  the  ventral  edge  of  the  mandible  formed  from  the  angular  is 
considerably  greater  (see  Table  1).  In  the  other  species  of  Saurichthys  in  which  the  struc- 
ture of  the  mandible  is  known,  namely  S.  latifrons  and  S.  lepidosteoides  (Freeh  1903) 
and  5.  wimani  and  S.  haniiltoni  (Stensio  1925),  the  shape  of  the  angular  and  its  relation- 
ship to  the  dentary  appear  to  be  essentially  the  same  as  in  S.  ornatus. 

TABLE  1 

The  relationship  between  the  angular  and  dentary  bones  in  the  Saurichthyidae 

Area  of  bones  as  percentage  of  total  Contribution  to  ventral  border  of 
Species  area  of  external  surface  of  mandible  mandible  expressed  as  a percentage 
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Figures  for  Saurichthys  ornatus  and  S.  elongatus  based  on  reconstructions  by  Stensio  (1925).  Figures 
for  Saurorhynchus  acutus  and  S.  brevirostris  from  unpublished  work  based  on  specimens  in  the  British 
Museum  (Natural  History). 

According  to  Gardiner’s  account  of  Saurorhynchus  acutus  (Gardiner  1960)  the  rela- 
tionship between  the  angular  and  the  dentary  in  this  species  is  similar  to  that  in  Saurich- 
thys ornatus.  I have  examined  all  the  material  on  which  Gardiner’s  description  of 
Saurorhynchus  acutus  is  based  and  in  my  opinion  his  interpretation  of  the  lower  jaw  is 
incorrect.  The  anterior  end  of  the  angular,  instead  of  tapering  almost  to  a point  as 
described  by  Gardiner,  is  in  fact  truncated,  and  the  dentary  possesses  a short  postero- 
ventral  process  which  extends  for  a little  distance  ventral  to  the  angular.  This  process  of 
the  dentary  is,  however,  comparatively  short — equal  to  a little  more  than  one-tenth  of  the 
length  of  the  angular  or  approximately  3 per  cent,  of  the  total  jaw  length.  The  angular 
itself  is  relatively  larger  than  in  Saurichthys  krambergeri,  being  roughly  equal  in  area  to 
the  dentary,  so  that  the  angular  still  forms  a substantial  part  of  the  ventral  mandibular 
margin.  In  Saurorhynchus  brevirostris  the  angular  and  dentary  are  very  similar  to  those 
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of  S.  acutus  except  for  the  fact  that  the  angular  is  relatively  even  larger  and  exceeds  the 
dentary  in  area. 

It  would  appear  then  that  in  the  shapes  and  relationship  of  the  angular  and  dentary 
Saurichthys  krambergeri  differs  from  other  species  of  Sawichthys  and  shows  some 
similarity  to  Saurorhynchus,  though  this  resemblance  is  not  a particularly  close  one. 

The  Reduction  of  the  Squamation.  Some  species  of  Saurichthys,  from  the  Eotrias  of 
Spitsbergen  and  Madagascar,  are  known  to  have  possessed  more  or  less  complete  scaly 
coverings,  but  in  the  majority  of  the  species  of  this  genus  the  squamation  has  been 
reduced  to  four  longitudinal  rows  of  scales.  In  S.  krambergeri,  which  possesses  only  two 
longitudinal  scale  rows,  the  squamation  has  been  reduced  to  a greater  extent  than  in 
any  other  species  of  Saurichthys  known  at  present.  In  the  genus  Saurorhynchus  one 
species,  Saurorhynchus  acutus,  has  two  longitudinal  scale  rows  and  the  other,  S.  brevi- 
rostris,  has  no  scales  at  all.  So  in  this  feature  too,  Saurichthys  krambergeri  may  be  con- 
sidered to  show  some  resemblance  to  the  genus  Saurorhynchus.  However,  in  addition 
to  the  points  already  considered,  the  genus  Saurorhynchus  differs  from  the  genus 
Saurichthys  in  the  relatively  small  opercular  and  in  ‘the  peculiar  pectoral  girdle’ 
(Gardiner  1960).  In  both  these  characters  the  species  under  discussion  agrees  with  the 
genus  Saurichthys  and  there  can  be  little  doubt  that  its  inclusion  in  this  genus  is  correct. 

The  Large  Size.  The  total  length  of  the  specimen  is  1 13  cm.  which  makes  it  one  of  the 
largest  saurichthyids  known.  Individuals  of  S.  ornatus  (Stensio  1925)  and  S.  deperditus 
(D’Erasmo  1914),  the  remains  of  which  are  incomplete,  may  possibly  have  approached 
this  size  but  all  other  species  known  at  present  were  smaller — most  of  them  being  less 
than  half  this  length. 
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